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1	Introduction
During earlier meetings [1][2][3] the following agreements were made: 
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access

In this contribution, we provide our view on channel access for NR-U, and the new 6GHz band. 

[bookmark: _Ref178064866]2	Discussion
2.1	COT sharing 
In Wi-Fi, feedback is transmitted without performing clear channel assessment. Preceding feedback transmission, a small SIFS duration is introduced between the data transmission and the corresponding feedback which does not include actual sensing of the channel. In 802.11, the SIFS period (16 µs for 5 GHz OFDM PHYs) is defined as:
aSIFSTime = aRxPHYDelay + aMACProcessingDelay + aRxTxTurnaroundTime
• aRxPHYDelay defines the duration needed by the PHY layer to deliver a packet to the MAC layer
• aMACProcessingDelay defines the duration that the MAC layer needs to trigger the PHY layer transmitting a response 
• aRxTxTurnaroundTime defines the duration needed to turn the radio from reception into transmit mode
Therefore, the SIFS duration is solely to accommodate for the hardware delay to switch the direction from reception to transmission.
Additionally, the same thing applies in case of two nodes sharing the same transmit opportunity, the responding node may start transmission immediately within less than or equal 16us from the end of the initiating node transmission without performing clear channel assessment. 
[bookmark: _Toc520913218][bookmark: _Toc525926944]In 802.11, the SIFS period is to accommodate for the hardware delay to switch the direction from reception to transmission and does not include any actual sensing of the medium. 
Similarly, NR-U should be allowed a gap to accommodate for the radio turnaround time. It should be possible to transmit PUCCH/UCI feedback as well as data within the same transmit opportunity without performing clear channel assessment, if the gap between DL/UL and the immediately following UL/DL transmission is less than or equal to 16us. 
In here, we evaluate the coexistence between NR-U and Wi-Fi. The NR-U indoor scenario as agreed is used (refer to our companion contribution [4] for further details). In addition to the settings shown in [4], two VoIP UEs are modelled per operator for the non-replaced operator. We present the mean UL/DL object data rate per UE and VoIP outage for 10,35 and 55 % buffer occupancy that represent low, medium and high load in baseline WiFi-WiFi scenario.
The shared COT is modelled as following exactly as permitted by EN 301 893. The following is assumed: 
· hardware turnaround time is less than 16us.  
· For gap of above 16us but does not exceed 25us: one-shot LBT is used
· For gap exceeding 25us: one-shot LBT is used 

Figure 1: Ratio of VoIP users [UL (left) DL(right)] in outage (98% delay > 50ms) in non-replaced WiFi network when coexisting with another Wi-Fi vs. coexisting with another NR-U network.

Figure 2: Mean UL(left) and DL(right) Object bit rate per User [Mb/s] in Wi-Fi network coexisting with another Wi-Fi network (blue), Wi-Fi network coexisting with another NRU network (orange), and NR-U network coexisting with Wi-Fi network (green)

The VoIP outage drops significantly when coexisting with NR-U as compared to coexisting with Wi-Fi (figure 1). The system performance results in figure 2 show that not only does NR-U coexist in a friendly manner with Wi-Fi but also still boosts Wi-Fi performance as compared to the case where two Wi-Fi networks coexist with each other. Therefore, supporting shared COT as specified by EN 301 893 does not cause any coexistence issues with Wi-Fi.
[bookmark: _Toc525937086][bookmark: _Toc520913209]Enabling COT sharing as defined in EN 301 893 does not cause any coexistence issues with Wi-Fi.
[bookmark: _Toc525937087]In NR-U, a gap of 16 us should be allowed within the transmission exchange between an initiating and responding node to accommodate for the hardware turnaround time.  
[bookmark: _Toc525937088]A responding node may proceed with transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 µs after the last initiating node transmission.
2.2	Channel access rules for DRS
Similar to LTE-LAA, and to guarantee a performance at least as good as the one achieved by LTE-LAA, DRS should be allowed the same channel access rules as in LTE-LAA; DRS without user specific PDSCH within the DMTC follows a single idle observation interval of at least 25 us as long as the total duration of the DL transmission burst is no longer than 1 ms.
We evaluate the impact of transmitting DRS using 25us LBT on NR-U Wi-Fi coexistence. The NR-U indoor scenario as agreed is used (refer to our companion contribution [4] for further details). The 1 ms long DRS is transmitted using 40ms periodicity and a DMTC window of 6 ms. We present the mean UL/DL object data rate per UE for 10,35 and 55 % buffer occupancy that represent low, medium and high load in baseline Wi-Fi - Wi-Fi scenario. 
[image: ] [image: ]
[bookmark: _Ref525799400]Figure 3: Mean UL (left) DL(right)  Object bit rate per User [Mbit/s] in Wi-Fi network coexisting with another Wi-Fi network (blue), Wi-Fi network coexisting with another NRU network transmitting 1 ms DRS every 40 ms (orange) and an NRU network transmitting 1 ms DRS every 40 ms coexisting with another Wi-Fi network (green) 

[image: ]
Figure 4: 95th percentile of the interval between two successful transmissions of the DRS when the NR-U network is coexisting with a Wi-Fi network (corresponding to the green bars in figure 3). The NR-U network is attempting to transmit 1 ms DRS every 40 ms in a DMTC window of 6 ms.

[bookmark: _GoBack]The system performance results in Figure 3 show that transmitting DRS using 25us LBT does not introduce any coexistence issues with Wi-Fi. NR-U still coexists in a friendly manner with Wi-Fi. Wi-Fi coexisting with NR-U still has a better performance as compared to the case where two Wi-Fi networks coexist with each other. Besides, at high load, DRS Tx interval goes up to 110ms. Meaning that, 1 DRS is successfully transmitted every 110ms. This introduces significant initial access delays.  Hence, further constraints on channel access for DRS are not warranted.

[bookmark: _Toc525926945]Using 25us as a channel access rule for DRS within the DMTC does not cause any coexistence issues with Wi-Fi.
[bookmark: _Toc521660960][bookmark: _Toc525937089][bookmark: _Toc521660961]DRS should be allowed the same channel access rules as in LTE-LAA
a. [bookmark: _Toc525937090]A single idle sensing interval is used for the LBT procedure prior to transmission of the DRS that has a duration shorter than 1ms.

2.3	Channel access rules for RACH 
In NR support of 4-step contention-based RACH procedure similar to LTE was specified. For unlicensed operation, four-step contention-based random-access procedure for initial network access implies that up to four independent LBT procedures need to be performed, two by the UE and two by the eNB. This can significantly increase the delay in connecting to the network especially since RACH transmissions are limited to specific predefined time resources. Delays in connecting to the network have significant implications on user experience. Since the transmissions are also considered to be infrequent, we propose that a single idle sensing interval (25us) is used for the LBT procedure prior to transmission of the RACH transmission. 
To test the implications of that, we run an indoor NR-U simulation where we assume that 20% of the UL transmissions are UL RACH transmissions with 25us LBT. In reality, RACH transmission would constitute much less of the overall UL transmission. However, the intention of this extremely exaggerated assumption is to prove that if this case does not cause coexistence issues with Wi-Fi, then any reasonable RACH configuration should coexist well with Wi-Fi. 
The system performance results in figure 5 show that transmitting RACH using 25us LBT does not introduce any coexistence issues with Wi-Fi. NR-U still coexists in a friendly manner with Wi-Fi. Wi-Fi coexisting with NR-U still has a better performance as compared to the case where two Wi-Fi networks coexist with each other.

Figure 5: Mean UL (left) and DL(right) Object bit rate per User [Mbit/s] in Wi-Fi network coexisting with another Wi-Fi network (blue) and Wi-Fi network coexisting with another NR-U network transmitting RACH with 25us LBT (orange), and NR-U network transmitting RACH with 25us LBT coexisting with WiFi (green)


2.4	DL contention window adjustment for standalone
[bookmark: _Hlk513760338]LAA supports feedback transmission only on licensed carriers. Therefore, the CW adjustment procedure for standalone operation, or licensed assisted NR-U with feedback on unlicensed carriers is not clear. With the flexible PDSCH to ACK timing, the feedback might not necessarily come before the next channel access procedure initiated by the gNB. The same situation can occur if the UE couldn’t send the feedback due to failed LBT. The impact of those situations on the CW adjustment procedure should be specified.  In principle, the situation is very similar to the UL CW adjustment in case of autonomous UL in LAA. It should be straight forward to adopt the same rules of CW adjustment in case of feedback absence and delayed feedback. 
 
[bookmark: _Toc525937091]Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback comes on unlicensed spectrum.
2.5	Receiver assisted LBT
In this section, we discuss 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 6, this mechanism allows, for example, node A to transmit to node B without potential interference from a hidden node C. However, as 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, transmissions 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 [5] 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 [5] 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 6: Illustration of RTS/CTS handshake. Nodes in the shaded areas are prohibited from any transmission by the RTS and CTS frames, respectively.
[bookmark: _Toc525926946]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: _Toc525926947]Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design 
[bookmark: _Toc525937092]Receiver assisted LBT should only be considered if it is proven that it provides significant system level performance gains 

2.6	Channel access for 6GHz band
During RAN1#92 [1], the following agreements were made:
Agreement:
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations
· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands
Agreement:
· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.
· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.
· The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.

It is currently being considered to open the 6 GHz band for unlicensed use. 5925-7125 MHz band and 5925-6425MHz band are under consideration in the US and EU, respectively. The next generation Wi-Fi system is expected to include the 6 GHz spectrum as an operating band. Regulation is expected to be finished in the 2019-2020 time frame.
6 GHz is a greenfield spectrum without prior use of license-exempt technologies. Therefore, same regulatory rules shall apply to all technologies and no technology shall warrant preferential exception. It is essential that 3GPP community provides technical input to the regulatory discussions so that the new spectrum is (1) technology neutral and (2) allows continued innovation and competition. 
Extensive discussions were conducted during LAA standardization and also currently for NR-U regarding channel access mechanisms. Currently in 5GHz, Wi-Fi uses ED -62dBm for coexisting with non-Wi-Fi technologies, while 3GPP technologies use -72dBm for coexisting with non-3GPP based technologies. A compromise was reached in BRAN so that all future technologies, including .11ax, use the same ED threshold of -72dBm. However, the compromise was reverted later based on time-to-market arguments from the Wi-Fi industry. On the other hand, the idea of LAA sensing non-3GPP technologies at ED -62dBm and its own technology at -82dBm was not welcomed among the IEEE community even though it’s the same principle used in Wi-Fi.  
Even though BRAN regulations for 5GHz now include both operating modes (1) ED -72dBm and (2) PD/ED -62dBm, there is no evidence that adopting a 20-year old technology, i.e. dual threshold (PD/ED), is the best choice in term of performance and coexistence in a new band that has no other technology as an incumbent. 
As per the above agreement, we provide results (figure 7 and 8) that show a neutral channel access technology among different technologies provides better coexistence as well as better overall performance than the current channel access mechanisms used by Wi-Fi based on dual thresholds and technology non-neutrality. The study was done using the NR-U indoor scenario. It can be observed that performance of both NR-U and Wi-Fi systems degraded, particularly at higher loads, when one system unilaterally operates at a higher ED threshold against other technologies.Figure 7: Mean Object bit rate for Wi-Fi coexisting with NRU in two cases: (blue) WiFi using PD -82dBm, ED -72dBm, (red) Wi-Fi using PD -82dBm, ED -62dBm.




Figure 8:  Mean Object bit rate for NRU coexisting with WiFi in two cases: (blue) WiFi using PD -82dBm, ED -72dBm, (red) Wi-Fi using PD -82dBm, ED -62dBm.


[bookmark: _Toc525937093]Having a common ED threshold among different technologies is a key aspect for better coexistence. 
b. [bookmark: _Toc525937094]A technology may still use a technology-specific preamble for detection at a threshold lower than the common ED threshold.  
 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	In 802.11, the SIFS period is to accommodate for the hardware delay to switch the direction from reception to transmission and does not include any actual sensing of the medium.
Observation 2	Using 25us as a channel access rule for DRS within the DMTC does not cause any coexistence issues with Wi-Fi.
Observation 3	Spatial reuse may be severely impacted by the introduction of RTS/CTS-like handshake
Observation 4	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	Enabling COT sharing as defined in EN 301 893 does not cause any coexistence issues with Wi-Fi.
Proposal 2	In NR-U, a gap of 16 us should be allowed within the transmission exchange between an initiating and responding node to accommodate for the hardware turnaround time.
Proposal 3	A responding node may proceed with transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 µs after the last initiating node transmission.
Proposal 4	DRS should be allowed the same channel access rules as in LTE-LAA
a.	A single idle sensing interval is used for the LBT procedure prior to transmission of the DRS that has a duration shorter than 1ms.
Proposal 5	Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback comes on unlicensed spectrum.
Proposal 6	Receiver assisted LBT should only be considered if it is proven that it provides significant system level performance gains
Proposal 7	Having a common ED threshold among different technologies is a key aspect for a better coexistence.
a.		A technology may still use a technology-specific preamble for detection at a threshold lower than the common ED threshold.
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