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Introduction 
In RAN1 #92, the study on NR-based access to unlicensed spectrum has started and the following agreement was made. 
	Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).
· FFS: The definition of the frequency ranges
· Note: Optimizations for a particular frequency band may be necessary.
· Note: Channel bandwidths below 5 MHz are not targeted
· 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 techonologies not using unlicensed access in those bands.



In this contribution, we discuss necessary considerations during the SI phase for NR-unlicensed operation regarding its channel access mechanism, which includes:
· Channelization and LBT for NR-unlicensed with wideband operation
· Receiver-assisted channel sensing as a means to handle directional transmissions
· Spatial reuse for NR-unlicensed
Considerations for NR-unlicensed wideband operations
NR system supports much wider maximum channel bandwidth (CBW) than LTE’s 20 MHz. Wideband communication is also supported in LTE via CA of up to 20 MHz component carriers (CCs). By defining wider CBW in NR, it is possible to dynamically allocate frequency resources via scheduling, which can be more efficient and flexible than the CA operation. In addition, having single wideband carrier has a merit in terms of low control overhead as it needs only single control signaling, whereas CA requires separate control signaling per each aggregated carrier. Moreover, the spectrum utilization can be improved by eliminating the need of guardband between CCs. The following describes the supported CBW at a given subcarrier spacing.
Table I. Maximum transmission bandwidth configuration NRB for frequency range 1 (FR1) (450 MHz – 6000 MHz) [1]
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135



Table II. Maximum transmission bandwidth configuration NRB for frequency range 2 (FR2) (24250 MHz – 52600 MHz) [2]
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



In short, up to 100 MHz CBW is supported in FR1 and up to 400 MHz CBW is supported in FR2. 
On the other hand, in unlicensed spectrum, there is channelization already defined for existing technology. For instance in 5 GHz, the channelization is in the unit of 20 MHz. The updated ETSI harmonised standard for 5 GHz also states that “the nominal channel bandwidth for a single operating channel shall be 20 MHz” although it allows to operate in a bandwidth smaller than 20 MHz provided that the centre frequency is aligned assuming 20 MHz raster [3]. Considering the coexistence, it is important that the channelization is aligned with the existing incumbent system and the LBT is performed in the chunk that is aligned with each defined channel. Wideband operation of NR-unlicensed is possible by configuring CBW or the bandwidth of a bandwidth part (BWP) to be an integer multiple of channel raster bandwidth, while aligning the boundary of the channel (or BWP) with the existing channelization.  
[image: ]
Figure 1. Example configuration of NR channel/BWP for unlicensed band operation for 5 GHz
The example configuration of NR channel/BWP in consideration of 5 GHz unlicensed spectrum channelization is illustrated in Figure 1. Likewise, the channelization of 60 GHz unlicensed spectrum can assume 2.16 GHz channel bandwidth as the ITU-R recommendation for Multiple Gigabit Wireless Systems (MGWS) requires 2.16 GHz bandwidth for single channel [4]. 
Proposal 1: The NR-unlicensed channel bandwidth or the configured bandwidth of a BWP is aligned with the unlicensed spectrum channelization. 
On the other hand, once the channel/BWP configuration is made such that it is aligned with the unlicensed band channelization, the LBT for wideband can be done in a similar manner as it is done for LTE multiple CCs. The following figure illustrates example multi-carrier LBT defined for LTE LAA in TS 36.213 Section 15.1.5 [5]. 

[image: ]
Figure 2. Example 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.
Alt1 resembles IEEE 802.11ac multi-channel sensing mechanism. As illustrated in Figure 1, the LBT within wider BW can be performed by assuming virtual channelization for LBT, e.g., 20 MHz for 5 GHz spectrum. This suggestion is in consideration of coexistence with existing incumbent system that may operate in a single channel or in an aggregation of channels assuming the channelization of the corresponding unlicensed spectrum. 
Proposal 2: It is proposed to study LBT mechanism for NR wideband operation in consideration of fair coexistence with incumbent systems assuming the channelization of the corresponding unlicensed spectrum. 
Receiver assisted channel access
The channel access mechanisms in place for LTE-LAA (and CSMA/CA principles borrowed from 802.11) are targeted fundamentally for nodes with omni/sectorized transmission and reception capability. In Figure 1 and Figure 2 we illustrate two well-known issues with CSMA - the hidden node problem and the exposed node problem. 
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[bookmark: _Ref510651084]Figure 3: Hidden node problem

		
[bookmark: _Ref510651087]Figure 4: Exposed node problem


It is observed that considering the deployment time-frame and the sub-7 GHz band for NR, a mixture of nodes should be considered for unlicensed access – some nodes that are capable of narrow beamformed transmission/reception using analog beamforming (typically gNBs) and some nodes that are capable of omni/sectorized transmission/reception (typically UEs). A consequence of nodes performing narrow beamformed transmissions is that the hidden node problem can be exacerbated as shown in Figure 3. 



[bookmark: _Ref510651151]Figure 5: Hidden node problem exacerbated by directional transmissions
						
We study Rx assisted channel sensing (CS) in the following. A high-level methodology of Rx assisted CS comprising of a hand-shaking stage and a data transmission stage is illustrated in Figure 4 which, we envision, can be achieved by mostly utilizing the physical channels and procedures already specified in NR (licensed). The yellow blocks denote single-shot LBT occasions in Figure 4.

[image: ]
[bookmark: _Ref510651184]Figure 6: High level principle of Rx assisted CS

It is well known that Rx assisted CS strategy is a tool to facilitate spatial reuse. Besides it is capable of resolving certain hidden node issues as shown in Figure 5. It is also capable of resolving certain exposed node issues as shown in Figure 6. 





Figure 7: Hidden node problem resolution with Rx assisted CS

	
Figure 8: Exposed node problem resolution with Rx assisted CS





It can be noted that compared to CSMA, Rx assisted CS incurs an additional overhead that makes it suitable particularly for large file transmissions. It is also pointed out that Rx assisted CS may unnecessarily silence certain nodes as indicated in Figure 7 that may not have occurred if CSMA would have been used. Therefore Rx assisted CS can be used as a complementary tool in addition to CSMA. 



[bookmark: _GoBack]Figure 9: Node unnecessarily silenced due to Rx assisted CS

Proposal 3: Study Rx assisted channel sensing as a complementary mechanism to CSMA in order to facilitate spatial reuse and address certain hidden node problems that are exacerbated by nodes performing directional transmission.
Consideration for spatial reuse
This section begins by briefly looking at the development being made in IEEE P802.11ax on spatial reuse [6]. One of important design aspects of IEEE P802.11ax has been on the improvement of Wi-Fi efficiency. The current CSMA/CA based channel access mechanism based on energy detection (ED) and preamble detection (PD) have been very successful over almost two decades since the advent of Wi-Fi technology as a means to enable distributed link scheduling in an uncoordinated network. However, although the current mechanism provides an effective way of avoiding collisions, it can be overly conservative in the sense that the preamble transmission can silence wide neighbourhood within the reception range. This conservativeness in the used channel access mechanism have resulted in a lack of scalability when operating Wi-Fi in highly dense network deployment such as stadiums. 
In this regard, IEEE P802.11ax is developing spatial reuse schemes in order to improve on existing CSMA/CA based channel access mechanism. One of such spatial reuse scheme is the so-called OBSS_PD-based spatial reuse, which adjusts the PD level with respect to the transmit power as in the following equation.   



The procedure of OBSS_PD-based spatial reuse is such that when an OBSS PPDU above PD level is detected, the channel is busy such that the decrementing backoff counter will be paused. During the SIG field decoding, if certain conditions are met (such as the transmitting device indicates that spatial reuse is allowed and the received PPDU is an inter-BSS PPDU and is not a non-HT PPDU carrying a response frame, etc.), it can be decided that spatial reuse is allowed and the OBSS_PDLevel can be adjusted according to the above equation. In order words, OBSS_PDLevel can be raised in accordance with the transmit power and the device may continue to decrement the backoff counter, if the detected PD level is below the adjusted OBSS_PDLevel.
Considering IEEE P802.11ax’s development on spatial reuse, it might be also good to look at a need for NR-unlicensed system to study the spatial reuse scheme for the same motivation to enhance the performance of NR-unlicensed in dense network deployment. 
Depending on whether NR-unlicensed to adopt PD mechanism or not, the development of spatial reuse scheme for NR-unlicensed could be similar to or different from IEEE P802.11ax OBSS_PD-based spatial reuse scheme. 	

Proposal 4: Study spatial reuse mechanism for NR-unlicensed.

Conclusion
In this contribution, we discussed necessary considerations for NR-unlicensed regarding its channel access mechanism, which included 1) channelization and LBT for NR-unlicensed with wideband operation, 2) receiver-assisted channel sensing as a means to handle directional transmissions, and 3) spatial reuse for NR-unlicensed, and the following proposals were made:
Proposal 1: The NR-unlicensed channel bandwidth or the configured bandwidth of a BWP is aligned with the unlicensed spectrum channelization. 
Proposal 2: It is proposed to study LBT mechanism for NR wideband operation in consideration of fair coexistence with incumbent systems assuming the channelization of the corresponding unlicensed spectrum. 
Proposal 3: Study Rx assisted channel sensing as a complementary mechanism to CSMA in order to facilitate spatial reuse and address certain hidden node problems that are exacerbated by nodes performing directional transmission.
Proposal 4: Study spatial reuse mechanism for NR-unlicensed.
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