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1	Introduction
During RAN1#92bis [1], the following agreements were made: 
Agreement:
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

In this contribution, we provide our view on channel access for NR-U and the enhancements proposed during last meeting. 
[bookmark: _Ref178064866]2	Discussion
Fast HARQ feedback can be transmitted immediately after the received burst in both DL and UL. Thereby, the transmission direction may be switched multiple times within one transmit opportunity. Therefore, NR-U should support multiple switch points within a transmit opportunity. Depending on the traffic (data or control), a short or no LBT may be used upon every change of direction within a transmit opportunity. 
[bookmark: _Toc513650857]NR-U should support multiple gaps and switching back and forth between DL and UL directions within a COT.
EN 301 893 defines two device categories: initiating and responding devices.  When a node, referred to as an initiating node, initiates a channel occupancy by performing an exponential random back-off (also known as CAT4 LBT), it is allowed to share its channel occupancy with other nodes, referred to as responding nodes. The EN 301 893 concept of an "initiating device" is independent of the device being an AP, a non-AP STA, a UE, or an eNB. According to the regulations, gaps between transmissions of different nodes are allowed. If a gap is within 16 µs, the transmission after the gap can occur without channel sensing. For larger gaps, an LBT based on a clear channel assessment (CCA) of at least 25 µs is required prior to transmission.
[bookmark: _Toc513650858]COT sharing between an initiating and responding node in any direction is supported in NR-U. 
[bookmark: _Toc513650859]In a shared COT, if a gap is within 16 µs, the transmission after the gap can occur without channel sensing.
[bookmark: _Hlk513760338]In NR, several enhancements were made including: smaller processing delays, faster feedback transmission, and new form of HARQ feedback (e.g. code block group-based feedback). These enhancements should be exploited when designing channel access procedures for NR-U. More specifically, the CW adjustment procedure inherited from LAA should be revised so that code block group-based feedback is also considered. 
[bookmark: _Toc513650860]The CW adjustment procedure specified for LAA is applicable to both TBS based and code block group-based feedback supported in NR-U. 
2.1	Enhanced LBT techniques 
 2.1.1 LBT for 60GHZ transmissions with high gain beamforming 
Regarding channel access regulation, Europe is making listen before talk (LBT) mandatory for coexistence purposes This rule seems a simple adoption of the channel access rules in 5GHz without sufficient studies, evaluations and discussions to assess its merit. However, the situation in 60GHz is quite different with that in 5GHz, e.g. high gain beamforming, which can invalidate the benefit from LBT.
[bookmark: _GoBack]Based on the indoor scenario evaluation setup in “Appendix - Simulation Assumptions” and the LBT settings under European regulation rules (i.e. ED threshold = -47dBm), the following results on mean and 5th object user rate are shown in Figure 1. It could be seen that the system is working well even without LBT which indicates that coexistence in high frequency bands might not be a problem. Besides, given that both no LBT and omni-directional LBT perform almost the same, this gives an indication that there will not be significant benefits for supporting directional LBT in this scenario.
 [image: ] [image: ]
[bookmark: _Ref505778344]Figure 1	Mean object user rate (left) and 5th object user rate (right)  
[bookmark: _Toc472092067][bookmark: _Toc477793227][bookmark: _Toc477794298][bookmark: _Toc477794306][bookmark: _Toc477794314][bookmark: _Toc513650854]With high gain beamforming in 60GHz, the difference in system performance with the use of no LBT and omni LBT is minor which indicates that coexistence might not be a problem.
[bookmark: _Toc505785504][bookmark: _Toc506283635][bookmark: _Toc510194352][bookmark: _Toc513650862]Channel access studies and enhancements for 60 GHz should have low priority.
2.1.2 Receiver assisted LBT
During last meeting, the following was agreed: 

· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example, receiver assisted LBT enabled only when needed 

In this section, we give a bit of background about how the IEEE 802.11 RTS/CTS works and possible issues that are introduced by this procedure. 
The RTS/CTS frame exchange allows two nodes to announce and reserve channel usage for the two handshaking nodes. The RTS and CTS frames contain a Duration field that defines the period of time that the medium is to be reserved to transmit the actual data frame and the returning ACK frame. A STA receiving either the RTS (sent by the originating STA) or the CTS (sent by the destination STA) shall process the medium reservation. 
As illustrated in Figure 1, this mechanism allows, for example, node A to transmit to node B without potential interference from a hidden node C. However, also shown in the figure, the RTS and CTS frames transmitted out of nodes A and B also prohibit many other harmless transmissions. That is,
· Without RTS/CTS handshaking, transmission from node A to node B and transmissions between node D and node C can commence simultaneously without mutual interference. Similarly, transmission between nodes E and F can take place at the same time.
· With RTS/CTS handshaking, transmission from node D to node C is suppressed until the transmission from node B to node A is finished because node C is prohibited from sending CTS in response to node D. Similarly, transmissions between node F to node E are also prohibited.
· Note also that, in case node B fails to receive RTS from node A because, e.g., there is an on-going transmission from node C to node D, the initial RTS frame from node A will still prohibit the communications between nodes E and F until the end of the period announced in the RTS frame.
Note further that, to ensure the RTS/CTS frames can be heard by hidden nodes, the frames are encoded with robust MCS 1, As a result, RTS and CTS frames together creates a much larger prohibition zone than necessary.
The IEEE 802.11-2012 [4] states that “because the additional RTS and CTS frames add overhead inefficiency, the mechanism is not always justified, especially for short data frames.” The default setting in the IEEE 802.11-2012 [4] is to disable RTS/CTS handshake (by setting dot11RTSThreshold to be larger than the maximum allowed PSDU length).
Even an enhanced version of RTS/CTS where only the nodes hearing the CTS defer from transmitting will still prohibit many other harmless transmissions.


[bookmark: _Ref414270283]
Figure 1: Illustration of RTS/CTS handshake. Nodes in the shaded areas are prohibited from any transmission by the RTS and CTS frames, respectively.
[bookmark: _Toc513650855]Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake

It is also not clear how RTS/CTS handshake would fit into the NR-U frame structure. Here we list some potential issues: 
· The RTS/CTS messages will only be understood by an NR-U system and by no other technologies; therefore, the benefits, if any, will be less in a coexistence scenario with a different technology. 
· Both gNB and UE should transmit the message using the same format and on the same physical resources. This will require introducing a common physical layer channel for both DL and UL, that is new or extending an existing one into the other transmission direction, e.g. PDCCH-like signal in the UL direction.  Otherwise, any node, gNB or UE, will have to blindly monitor for two different physical channels in every slot.
· Asynchronous detection will always be needed even in a synchronized deployment since the intra-cell UEs are not necessarily time aligned with non-serving gNBs. Similarly, intra- or inter- cell UEs are not time aligned. 


[bookmark: _Toc513650856]Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design 

[bookmark: _Toc513650863]Receiver assisted LBT should only be considered if it is proven that it provides significant system level performance gains 
Conclusion
In the previous sections we made the following observations: 
Observation 1	With high gain beamforming in 60GHz, the difference in system performance with the use of no LBT and omni LBT is minor which indicates that coexistence might not be a problem. 
Observation 2	Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
Observation 3	Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design

Based on the discussion in the previous sections we propose the following:
Proposal 1	NR-U should support multiple gaps and switching back and forth between DL and UL directions within a COT.
Proposal 2	COT sharing between an initiating and responding node in any direction is supported in NR-U.
Proposal 3	In a shared COT, if a gap is within 16 µs, the transmission after the gap can occur without channel sensing.
Proposal 4	The CW adjustment procedure specified for LAA is applicable to both TBS based and code block group-based feedback supported in NR-U.
Proposal 5	Channel access studies and enhancements for 60 GHz should have low priority.
Proposal 6	Receiver assisted LBT should only be considered if it is proven that it provides significant system level performance gains


[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510689957][bookmark: _Ref510689889]References
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Appendix - Simulation Assumptions 
In this contribution we have used a denser version of the NR Indoor Hotspot deployment due to the large pathloss experienced in 60 GHz.

	Table 2. Simulation parameters for indoor mmW scenario


	
	Unlicensed cell

	Layout for nodes
	The BSs are deployed similarly to 3GPP 38.802 indoor hotspot but with two operators. Layout dimensions: 120x50x3 m^3.
Two operators deploy 12 small cells each in the single-floor building. 

The distance between two closest BSs are randomly within 10m. 
[image: ]

	System bandwidth per carrier
	800MHz per CC

	Carrier frequency 
	60 GHz

	Subcarrier spacing
	240 kHz

	Number of carriers
	1 (to be shared between two operators). 

	Total BS TX power
	14 dBm 

	Total UE TX power 
	21dBm 

	Distance-dependent path loss
	InH Open Office [referring TR 38.901, Chapter 7.4.1]
(3D distance between a BS and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Shadowing
	InH indoor office [referring TR38.901, Table 7.5-6 part 2]
Working assumption is that 3D distance is used for shadowing correlation distance

	BS antenna pattern
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	BS antenna height
	3m (ceiling)

	BS antenna gain 
	5dBi



	UE antenna pattern
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna height
	1.5m

	UE antenna gain 
	0 dBi

	BS noise figure
	7dB

	UE noise figure
	13dB

	UE receiver 
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs 
	5 UEs per unlicensed band carrier per BS per operator 

	UE dropping per network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.
Example of a dropping method to achieve this with N=5 UEs: 
· Drop a large enough number of UEs, so that at least 5 UEs are covered by the small cell in the unlicensed band. 
· Randomly select 5 UEs from the UEs that have coverage.

	Minimum distance (2D distance)
	0m

	Traffic model 
	- FTP Model 3: Based on FTP model 2 as in TR 36.814 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue.
- FTP model file size: 2 Mbytes.
- DL/UL traffic ratio 
· 50% DL traffic and 50% UL traffic. 
· Optional: 80% DL traffic and 20% UL traffic.
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