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Introduction 
The following agreements related to channel access mechanism were made in RAN1 #92bis through #94 [1-3]: 
	Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· 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

Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

Agreement:  
In addition to aspects considered in LTE LAA, CWS (Contention Window Size) adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation



In this contribution, we discuss the following aspects related to the channel access mechanism:
· Conditions/restrictions to no LBT option
· Clear channel assessment for wideband channel
· CB mapping for wideband channel with potential LBT clearance on partial BW
· Directional transmission/reception (for FR2)
· Receiver-assisted channel sensing as a means to cope with directional transmissions
Restrictions/conditions to no LBT option
According to ETSI BRAN harmonized standard on 5 GHz [4], a device that acquired the channel occupancy time (COT) by performing CAT-4 LBT can perform more than one transmissions within the COT if the gaps between transmissions are less than 16 us. Similarly, if a responding device initiates transmission within 16 us of the last transmission by the initiating device that issued the grant, the responding device may proceed with such transmissions without performing LBT. 
As it is permitted by regulation, in the previous RAN1 meeting, it was agreed that no-LBT option is beneficial for unlicensed operation such as for supporting fast HARQ ACK feedback [2]. It is noted however that no LBT option has potentially high coexistence impact, if it is allowed without restrictions (while satisfying the 16 us gap condition). Such restrictions could be in the direction to minimize the use of no LBT option and, thereby, minimizing the impact on the coexistence. Several options could be considered as follows:
· No LBT option is allowed only for UCI transmission in general. 
· No LBT option is allowed only for a transmission, whose duration does not exceed N number of symbols or similarly X us. 
· The above options can be applied separately or jointly. 
Proposal 1: The use of no LBT is restricted to transmissions containing UCI only and/or whose duration does not exceed N number of symbols or X us. The exact number N/X is FFS. 
Clear channel assessment for wideband channel 
In RAN1#92b, it was agreed that 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. 
On the other hand, it was also agreed that at least for a band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. The details on how to perform LBT on a single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz, were left for further study, which is the aspect to be discussed in this section. To begin with, the IEEE 802.11ac wideband LBT is briefly revisited, which is also inherited by IEEE 802.11ax.
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Figure 1: IEEE 802.11ac channel bonding 

In the figure above, IEEE 802.11ac channel bonding behavior is described[footnoteRef:1], in which all transmissions within a BSS occupy the primary 20 MHz channel. A STA performs usual back-off procedure on primary 20 MHz. One PIFS prior to the intended transmit time, the STA checks for the activity of the secondary channels. [1:  Maximum 160 MHz channel either contiguous or non-contiguous (80+80).
] 

In IEEE 802.11ac, CCA is hierarchical, i.e., first primary 20 MHz and, if clear, secondary 20 MHz and, if clear, secondary 40 MHz, and so on. The CCA rule is described as follows:
· Signals occupying primary 20 MHz (i.e. primary 20/40/80 MHz)
· ED for primary 20 MHz as the same. 
· PD @ -82/-79/-76/-73 dBm for 20/40/80/160 or 80+80 MHz PPDU. 
· Signals not occupying primary 20 MHz
· Secondary 20 MHz: ED @ -62 dBm and PD @  -72 dBm within aCCAMidTime (25us) 
· Secondary 40 MHz: ED @ -59 dBm and PD @ -72 dBm within aCCAMidTime (25us) for PPDU over 40 MHz or any 20 MHz sub-channel.
· Secondary 80 MHz: ED @ -56 dBm and PD @ -69 dBm for 80 MHz PPDU within aCCAMidTime (25us) and -72 dBm for PPDU over any 40 MHz or 20 MHz sub-channel.
It can be seen that when LBT is performed over secondary spectrum, the ED threshold is adjusted according to the bandwidth over which the ED is performed. However, it needs to be noted that the reason why IEEE 802.11ac performs hierarchical CCA is because Wi-Fi can only transmit over contiguous spectrum. It is also noted that the above listed CCA on differently aggregated spectrum is not performed in a sequential manner but performed at the same time. 
Observation 1: The hierarchical CCA used by IEEE 802.11ac is due to the channel bonding and for contiguous transmission. 
For NR-unlicensed, there is no reason to perform hierarchical CCA as transmissions can be performed over non-contiguous spectrum. Therefore, the LBT for wideband carrier can be performed in a similar manner as LTE multi-carrier LBT defined in TS 36.213 Section 15.1.5 [5]. 
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Figure 2: Example of multi-carrier LBT for LTE LAA

Two options were defined for LTE LAA multi-carrier LBT:
· Alt. 1: eNB performs Cat-4 LBT on only 1 unlicensed carrier.
· eNB shall choose the carrier requiring Cat-4 LBT uniformly randomly before each transmission burst, or fix the carrier at least for 1 sec.
· eNB can sense other carriers with single interval LBT only if the eNB completes the Cat-4 LBT for the configured carrier performing Cat-4 LBT.
· Alt. 2: eNB performs Cat-4 LBT on more than 1 unlicensed carriers. 
· eNB is allowed to transmit on the carriers that have completed the LBT, with potential self-deferral (including idle sensing for a single interval) to align the transmissions over multiple carriers.
· eNB can use independent backoff counters or can use a common backoff counter for multiple carriers.
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Figure 3: Virtual channelization for wideband LBT for NR-unlicensed

NR-unlicensed wideband CCA can be performed by inheriting options defined for LTE LAA. For this, virtual channelization in the unit of 20 MHz needs to be assumed within an NR wideband carrier and the rest of the procedure can be maintained identical to LTE LAA. 
Proposal 2: For wideband CCA, LTE LAA multi-carrier LBT options are used by assuming 20 MHz virtual channelization within an NR wideband carrier. 
CB mapping for wideband channel
As CCA is performed over wideband carrier, it is possible that CCA is successful only on part of the BW but not on the wideband carrier as a whole. Note that in NR, CBs are mapped in the frequency first manner. Thus, when only part of the BW is actually transmitted, while the other part on which CCA failed is not transmitted, it is likely that all the CBGs will be received as punctured. On the other hand, it is also challenging to re-encode the TB to match the available spectrum instantly right after finishing the LBT. 
In order to cope with partial CCA clearance on wideband channel while avoiding the difficult HW implementation option, it is proposed to define a frequency bounding in CB mapping, which is aligned with unit LBT BW. To be more specific, for a given TB, the CBG segmentation is done in consideration of unit LBT BW and the CBG mapping is done in frequency first manner as in the legacy NR but with frequency bounding that is aligned with LBT BW as illustrated in the figure below. For instance, if a wideband carrier is consisting of X number of unit LBT BW parts, for a given TB, CBG segmentation is performed assuming the frequency domain mapping in an integer multiple of 20 MHz BW parts, e.g., each CBG can be mapped to each of 20 MHz for given 60 MHz BW in the figure. 



Figure 4: CBG mapping with frequency bounding aligned with unit LBT BW 

Proposal 3: The CBG segmentation is done in consideration of unit LBT BW. The CBG mapping is done in frequency first manner as in the legacy NR but with frequency bounding that is aligned with LBT BW. 
Receiver assisted channel access
Note that the channel access mechanisms in place for LTE-LAA (which is CSMA/CA principles borrowed from IEEE 802.11) are targeted fundamentally for nodes with omni/sectorized transmission and reception capability. In Figure 5 and Figure 6, we illustrate two well-known issues with CSMA - the hidden node problem and the exposed node problem. 
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Figure 5: Hidden node problem


[bookmark: _Ref513813295]Figure 6: Exposed node problem


It is also observed that a consequence of nodes performing narrow beamformed transmissions is that the hidden node problem can be exacerbated as shown in Figure 7.


[bookmark: _Ref513813308]Figure 7: Hidden node problem exacerbated by directional transmissions
						
It is well known that Rx assisted channel access strategy is a tool to facilitate spatial reuse. Besides, it is capable of resolving certain hidden node issues as shown in Figure 8, the Rx assisted channel access is also capable of resolving certain exposed node issues as shown in Figure 9.




[bookmark: _Ref513813340]
Figure 8: Hidden node problem resolution with Rx assisted LBT

	
[bookmark: _Ref513813368]Figure 9: Exposed node problem resolution with Rx assisted LBT


It can be noted that Rx assisted channel access may unnecessarily silence certain nodes as indicated in Figure 10 that may not have occurred if CSMA would have been used. Therefore Rx assisted channel sensing can be used as a complementary tool in addition to CSMA. 



[bookmark: _Ref513813386]Figure 10: Node unnecessarily silenced due to Rx assisted CS

In the following, we consider some Rx assisted LBT scenarios with different transmission and reception opportunities within a COT acquired by Rx assisted LBT. In the first scenario (as illustrated in Figure 11), we consider a case with multiple switching points within a COT. In a typical Rx assisted LBT scenario, we may consider a COT to be quite long. This is a valid assumption because of the overhead due to the handshake-stage of an Rx assisted LBT process. We note that allowing multiple switching points is particularly beneficial and enables a better link throughput (due to fast CSI updates) and a better latency (due to fast HARQ updates).  
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Figure 11: Single user transmission reception with multiple switching points within a COT

I In a second scenario (as illustrated in Figure 12), we consider multi-user orthogonal transmission within a COT acquired by Rx assisted LBT. As indicated above, in an Rx assisted LBT scenario, an acquired COT can be quite long and the gNB should be allowed to take full advantage of the COT by utilizing orthogonal (OFDM) multi-user transmission in either TDM or FDM fashion. Also, there should be no constraints on the nature (beam-width, gain etc.) and number of Tx beams utilized by a directional node during transmission within a COT. Further study is needed on COT definition for multi-user transmission.
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Figure 12: Muti-user orthogonal transmission and single-user reception within a COT

In a third scenario (as illustrated in Figure 13), we consider multi-user transmission within a COT using SDMA (spatial beams). The motivation for this scenario is the same as above.  
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Figure 13: MU-MIMO (spatial) downlink transmission and single-user uplink transmission within a COT.

Proposal 4: Motivated by Rx assisted LBT scenarios, the following and combinations thereof should be supported within a COT 
· Multiple switching points allowing multiple DL and UL transmissions.
· Multi-user orthogonal downlink transmission using OFDM and single-user uplink transmission 
· Multi-user spatial downlink transmission (MU-MIMO) and single-user uplink transmission. 
Proposal 5: Further study is proposed for COT definition considering DL multi-user transmission. 
Proposal 6: Further study is proposed for supporting UL multi-user transmission within a COT.

Conclusion
[bookmark: _GoBack]In this contribution, we discussed the following aspects related to the channel access mechanism. The following observation and proposals were made:
Proposal 1: The use of no LBT is restricted to transmissions containing UCI only and/or whose duration does not exceed N number of symbols or X us. The exact number N/X is FFS. 
Observation 1: The hierarchical CCA used by IEEE 802.11ac is due to the channel bonding and for contiguous transmission. 
Proposal 2: For wideband CCA, LTE LAA multi-carrier LBT options are used by assuming 20 MHz virtual channelization within an NR wideband carrier. 
Proposal 3: The CBG segmentation is done in consideration of unit LBT BW. The CBG mapping is done in frequency first manner as in the legacy NR but with frequency bounding that is aligned with LBT BW. 
Proposal 4: Motivated by Rx assisted LBT scenarios, the following and combinations thereof should be supported within a COT 
· Multiple switching points allowing multiple DL and UL transmissions.
· Multi-user orthogonal downlink transmission using OFDM and single-user uplink transmission 
· Multi-user spatial downlink transmission (MU-MIMO) and single-user uplink transmission. 
Proposal 5: Further study is proposed for COT definition considering multi-user transmission. 
Proposal 6: Further study is proposed for supporting UL multi-user transmission within a COT.
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