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[bookmark: _Toc46307390][bookmark: _Toc47530168][bookmark: _Toc68189014]1	Introduction 
A revised WI [1] was approved in RAN #90-e to study and extend NR support in the frequency range of 52.6 GHz to 71 GHz [2]. The objectives for the WI, according to the outcome of the study item and leveraging FR2 design to the extent possible, are to extend NR operation up to 71 GHz considering both licensed and unlicensed operation. The WI description included the following updates:
Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to license-exempt spectrum for frequencies between 52.6 GHz and 71 GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 

[bookmark: _Hlk67641507]In this contribution, we first outline the changes to baseline LBT design in ETSI HS EN 302 567 v2.2.0 and the corresponding impact to the work in 3GPP. We then examine further enhancements to LBT mechanisms. Finally, we provide conclusions on the potential enhancement beneficial to NR operation in 52.6 GHz to 71 GHz.
[bookmark: _Toc46307391][bookmark: _Toc47530169][bookmark: _Ref61892368][bookmark: _Ref61892384][bookmark: _Toc68189015]2	Baseline listen before talk (LBT) design
[bookmark: _Toc68189016]2.1	Energy detection threshold enhancement
[bookmark: _Toc61356001][bookmark: _Toc61356650][bookmark: _Toc61432457][bookmark: _Toc61520093][bookmark: _Toc61810924][bookmark: _Toc61882701][bookmark: _Toc61886115][bookmark: _Toc61886189][bookmark: _Toc61886512][bookmark: _Toc61903022]The following agreement was made in RAN1#104-e[10] regarding the baseline Energy detection threshold according to EN 302 567 v2.2.0 [4].Agreement:
The baseline ED threshold can be computed as

 Where Pout is RF output power (EIRP) and Pmax is the RF output power limit, Pout≤Pmax.
· FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)
· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
· FFS definition of Operating Channel BW
· FFS: Whether ED threshold for NR-U and NR-U coexistence scenarios (eg, at regulation level) can be appropriately relaxed compared with the threshold of coexistence between NR-U and Wi-Fi.
· FFS: EDT when the COT has time varying transmission beams and varying EIRP




The above agreed equation for EDT was adopted from HS EN 302 567 2.2.0. However, there is a need to clarify in 3GPP RAN1 what the parameters Pout, Pmax, and operating channel BW refer. The next sub-sections deal with the following FFSs in the above agreement.  
· [bookmark: _Hlk67040888]FFS: Further adjustment on ED threshold based on the sensing beam and the transmission beam (further adjustment should not violate EDT requirements as per regulations)
· FFS: If Pout is max output EIRP of the device or instantaneous output EIRP
· FFS definition of Operating Channel BW
· FFS: EDT when the COT has time varying transmission beams and varying EIRPs.
[bookmark: _Toc68189017]2.1.1	Pout and Pmax in the EDT equation
The Pout and Pmax used in the equation is defined as follows in EN 302 567 v2.2.0 [4]
 
It is also worthy to note that the LBT mechanism is performed by the transmitter before a transmission or a burst of transmissions that could last a duration of 5 ms (MCOT) according to the regulation. However, 5 ms is a long time in the 60 GHz regime and the products in this band may transmit multiple bursts within a COT. This is evident since the use cases in the band involves serving multiple users with different power requirements, beam directions, link adaptation and/or different QoS requirements. In addition, most devices using the band may configure a fixed transmit power for a transmission burst (for a certain beam direction or a user). The devices then can estimate the EIRP per transmission burst depending on the beams in the burst. EN 302 567 Clause 4.2.5.3 
The LBT mechanism is as follows:
1) Before a single transmission or a burst of transmissions on an Operating Channel, the equipment that initiates
transmission shall perform a Clear Channel Assessment (CCA) Check in the Operating Channel.
…
7)The energy detection threshold for the CCA Check shall be -80 dBm + 10 × log10 (Operating Channel
Bandwidth (in MHz)) + 10 × log10 (Pmax / Pout) (Pmax and Pout in W EIRP) where Pout is the RF output
power (EIRP) and Pmax is the RF output power limit defined in clause 4.2.2.1.”
EN 302 567 Clause 4.2.2.1 
4.2.2.1	Definition
The RF output power is the mean equivalent isotropically radiated power (EIRP) for the equipment during a transmission burst.”
4.2.2.2	Limit
The maximum RF output power is applicable to the system as a whole when operated at the highest stated power level. For a smart antenna system, the limit applies to the configuration that results in the highest EIRP. In case of multiple (adjacent or non-adjacent) channels the total RF output power of all channels shall be less than or equal to the limits in table 3.”


From the above, it could be noted that while RF output power in clause 4.2.2.1 is defined as the mean EIRP during a transmission burst, there may be multiple transmission bursts within a COT with varying EIRPs, transmission beams. A typical example for such a COT is depicted in Figure 1 below.Poutb3
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[bookmark: _Ref66867411]Figure 1:	A typical COT with multiple transmission bursts using varying EIRPs

[bookmark: _Toc66977621][bookmark: _Toc66977766][bookmark: _Toc66977802][bookmark: _Toc66977838]Therefore, from our understanding, the Pout used in the EDT equation should correspond to the highest mean EIRP in the COT if only one eCCA is performed for such multiple transmission bursts. Using the highest mean EIRP in the EDT equation results in the most conservative EDT (lowest EDT), which provides fair coexistence.  
[bookmark: _Toc68593140]Pout corresponds to the maximum of the mean output power EIRPs of the transmissions or transmission bursts in a COT that may contain varying transmission beams and EIRPs. 
The above principle is also applicable, for example, if omni-directional sensing is used to perform LBT followed by directional transmissions. In such a case, the Pout generated by the directional transmission needs to be used in the equation to determine EDT (to perform omnidirectional sensing), and not the EIRP assuming omnidirectional transmission or omnidirectional sensing. Therefore, regardless of the sensing gain, it is the transmission direction and the corresponding transmission gain that is reflected in Pout used in the EDT equation mandated by the regulations. 
As evident from the above discussion, ED threshold defined in EN 302 567 is a function of the transmission beam’s EIRP, the maximum EIRP and the operating channel BW. If it is agreed to include sensing gain in the determination of EDT in 3GPP, e.g., increase the ED threshold based on the sensing BF gain, the resulting ED threshold would be higher than the one in HS, thus is in violation of the HS’s requirements. It is also noted that the HS does not preclude to use a stricter, lower EDT than what is required. Therefore, decreasing the ED threshold based on sensing BF gain is allowed in HS and could be up to the implementation if the network see the benefit of lower the ED threshold based on sensing BF gain. 
[bookmark: _Toc68593113]ED threshold defined in EN 302 567 v2.2.0 is a function of the transmission’s EIRP Pout, which includes the transmission beamforming gain. It does not include the sensing beamforming gain.
[bookmark: _Toc68593141]ED threshold is defined as in the agreement from RAN1#104e. Further adjustment on ED threshold based on the transmission and sensing beamforming gains could be up to implementation while not violating EDT requirements as per regulations.
[bookmark: _Hlk67038412]In addition, Pmax is defined as the maximum output power to the system as a whole or the configuration that results in highest EIRP. For the regulatory purposes, this is capped at 40 dBm by the CEPT regulations in ERC REC 70(03) for indoor applications [11]. Therefore, it is likely that products in this band will be capable of handling a max EIRP of 40 dBm. We propose that this should be reflected in the equation for consistency sake. The motivation behind using 40 dBm for Pmax is as follows: Two devices using a Pout of 30 dBm sharing the spectrum must use the same EDT regardless of their maximum capable power. However, this means that, for devices only capable of a lower maximum power (Pmax<40 dBm), the EDT value calculated with 40 dBm is higher as opposed to when a value lower than 40 dBm is set as Pmax in the equation, for a given Pout and channel BW. That said, this seemingly slight advantage is alleviated by the fact that these devices cannot operate at a power level of 40 dBm, thereby reducing the actual interference amount in the shared spectrum. This will not violate the ETSI regulations as the EDT values estimated with this approach are conservative and enables good coexistence. 
Therefore, we propose the following 
[bookmark: _Toc67928106][bookmark: _Toc67986578][bookmark: _Toc68076673][bookmark: _Toc68077208][bookmark: _Toc68184126][bookmark: _Toc68202258][bookmark: _Toc68202441][bookmark: _Toc68593142]Pmax should be fixed at 40 dBm in the EDT equation for products in this band as stipulated by the regulations.  
[bookmark: _Toc68189018]2.1.2	Channel bandwidth and LBT bandwidth
[bookmark: _Ref61009909][bookmark: _Toc68189019]2.1.2.1	Definitions in EN 302 567
[bookmark: _Hlk66778353]In the previous sub-section, we highlighted the changes to the EDT threshold in EN 302 567 that RAN1 needs to incorporate regardless of the discussions surrounding LBT bandwidth and the EDT threshold. EDT thresholds scales with the LBT BW but it is still not clear how the LBT BW (Operating channel BW) and the channel bandwidths are related. There are also multiple terms for the same word in different standard bodies (ETSI, IEEE 802.11, 3GPP RAN1 etc.) which may initiate unnecessary ambiguity and can potentially delay progress in the RAN1 WI. 
For this purpose, we want to highlight the relationship between various terms pertaining to a “channel” in different domains and connect it to the requirements in the HS EN 302 567. A presumption of conformity is provided if a radio device complies with the requirements of HS EN 302 567. Consequently, a manufacturer may put such compliant product on the European market. In its “Declaration of conformity” a manufacturer may declare one or more supported channel bandwidths. These supported channel bandwidths are the nominal channel bandwidths (NBWs) of the equipment. A device may declare multiple nominal channel bandwidths. It can be noted that the nominal channel bandwidths in ETSI domain corresponds to the carrier bandwidth in RAN1/RAN2 and RAN4 domain. 
In addition, for every declared channel bandwidth, the device is required to support at least one mode of transmission where the transmissions occupy at least 70% of the declared nominal channel bandwidth. Nominal channel BW and a transmission mode capable of achieving 70% of the NBW is defined for the purpose of defining out-of-band emissions and meeting the spectral emission mask. This has no impact on the LBT bandwidth or the bandwidth on which a device intends to transmit. That is, any declared channel bandwidth is allowed and the actual transmission bandwidth at any point in time may be different from the declared channel bandwidth. Therefore, EN 302 567 provides flexibility for any technology to define their own operating channel bandwidths i.e. LBT bandwidths (and the corresponding EDT thresholds) thus making it technology neutral. 
[bookmark: _Toc68593114]In EN 302 567, the nominal channel bandwidth and at least one transmission mode with occupied channel BW 70% of NBW is defined for spurious out-of-band emissions and not for LBT purposes. 
[bookmark: _Toc68593115]The relationship between the LBT bandwidth and the channel bandwidth is not specified in EN 302 567 for the sake of technology-neutrality and flexibility.
[bookmark: _Toc68189020]2.1.2.2	Definitions in 3GPP
RAN4
The UE channel bandwidth in RAN4 is defined with respect to a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. 
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.
The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth. The relationship between the channel bandwidth, the guard band and the maximum transmission bandwidth configuration is shown in Figure 5.3.1-1 in TS 38.101-1 [5].
[image: ]
[bookmark: _Ref61855725]Figure 2: Relationship between channel bandwidth, transmission bandwidth configuration and transmission bandwidth
As shown in the Figure 2, once a UE is configured/scheduled with active resource blocks for a transmission burst, the gNB/UE will transmit within a part of the full transmission bandwidth configuration for a specific channel occupancy time (COT) (a slot, for example). In EN 302 567 the maximum COT (MCOT) allowed for a transmission burst is 5 ms. 
RAN1
TS 37.213 defines the following:
	A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.



We observe that the definition of channel in 37.213 and RAN4 differs in the sense that the channel as defined in 37.213 is the LBT BW and the channel as defined in RAN4 corresponds to how the term carrier is used in 37.213. 

[bookmark: _Toc68189021]2.1.2.3	Definition of LBT bandwidth
 The following agreement was made in RAN1#104-e:Agreement:
For LBT for single carrier transmission, consider the following alternatives
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.2. gNB/UE performs LBT over the transmission bandwidth (from the lowest RB to the highest RB used for the transmission)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, consider the following alternatives
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.3. gNB/UE performs multiple LBT, one for each CC over the transmission bandwidth (from the lowest RB in to the highest RB used for the transmission in the CC)
· Alt CA.4. gNB/UE performs LBT over the transmission bandwidth over all CCs (from the lowest RB in the lowest CC to the highest RB in the highest CC used for the transmission)
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC
Note: supporting more than one alternative for at least multi-carrier transmission in intra-band CA is not precluded.



It can be observed that the Alt SC1 to SC3 refers to the LBT over a single carrier (SC) but Alt CA1-5 refers to the multi-channel operation based on what LBT bandwidth is chosen. There is a need to first agree on the principle of LBT over a single carrier before discussing the multi-channel case. 
For the SC case, as observed in Section 2.1.2.1, EN 302 567 does not mandate a specific LBT BW or a relation between the LBT BW and the channel bandwidth. In addition, a device can use any of the declared channel bandwidths and operating channel BWs. Thus, from an EN 302 567 perspective at least Alt SC1 and SC 2 alternatives above are already allowed. This is different from the 5/6 GHz bands where the LBT BW is specified to be 20 MHz in the harmonized standards. RAN1 does not define the LBT BW even in Rel-16. Instead 37.213 uses the following generic definition as discussed in Section 2.2.2:
	37.213:
A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum.



We further observe that the generic channel definition in 37.213 covers both the case in 5/6 GHz where the LBT BW is equal to the RAN4 channel BW (i.e. carrier BW) and the case where the LBT BW is smaller than the RAN4 channel BW. 
Comparing the channel definition in 37.213 with the definition of operating channel in the ETSI BRAN 60 GHz harmonized standard, EN 302 567:
	EN 302 567:
operating channel: channel on which the RLAN equipment has started the Adaptivity mechanism to start transmissions



We conclude that the LBT BW definition in 37.213 is already compliant with EN 302 567. The only modifications needed are to adapt the ED threshold scaling rules for this frequency range.
[bookmark: _Toc68593116]Operating channel BW defined in EN 302 567 is the LBT BW in RAN1 which is already defined in 37.213 as a “channel” 
The above definition in 37.213 and EN 302 567 at least covers Alt SC1 and SC2 for single carrier transmissions. Furthermore, Alt SC3 in our opinion poses an artificial restriction on the LBT Bandwidth and forces the channel BW to be exact multiples of the LBT BW which is not necessary because of the lack of a nominal channel BW requirement in the 60 GHz regulations. Therefore, we support Alt SC1 and Alt SC2. Consequently, for the CA case, we think it is pre-mature to discuss LBT in multi-carrier before the single carrier case is agreed. However, if we follow the HS EN 302 567 and 37.213, Alt CA1 and Alt CA3 are the preferred options and are already possible with existing reporting mechanisms. The other options are not precluded by implementation. In the next sub-section, we further discuss the issues of multi-channel LBT operation.
[bookmark: _Toc68593117]Definitions in EN 302 567 and TS 37.213 at least covers Alt SC1 and Alt SC2. 
[bookmark: _Toc68593143]Support Alt SC1/Alt CA1 or Alt SC2/Alt CA3 for LBT in single carrier and multi-carrier operation 

[bookmark: _Toc68189022]2.1.3	Multi-channel/carrier LBT operation 
Prior to discussing the agreements in RAN1, let us discuss the multi-carrier LBT operation in 5 GHz specifications.  
In the first method, LBT was carried out per carrier. In the second method, a channel bonding scheme was employed where LBT was performed on the primary channel/carrier and then a short CAT2 LBT was performed on the secondary channels. 
This was captured in 37.213 as follows. 
	“An eNB/gNB can access multiple channels on which transmission(s) are performed, according to one of the Type A or Type B procedures”


[bookmark: _Hlk67060870]
In RAN1 104-e, the following was agreed: Agreement:
Define Type A and Type B multi-channel channel access as:
· Type A: Perform independent eCCA for each channel
· Type B: Identify a primary channel and perform eCCA on the primary channel, while perform Cat 2 LBT for other channels in the last observation slot
Down-selection between
· Alt1: Support Type A multi-channel channel access only
· Alt2: Support both Type A and Type B multi-channel channel access.
Note: How eCCA is performed on each channel, and the BW of the channels over which eCCAs are performed are separately discussed




Type A multi-channel/carrier case allows multi-carrier LBT by performing channel access independently on each channel/carrier, which is compliant with the HS EN 302 567. We think that this could be re-used for the 60 GHz multi-channel/carrier LBT.  
[bookmark: _Toc68593144]Support Alt1 in the agreement that allows only Type A multi-channel access from 37.213.
[bookmark: _Hlk67060765]Type B multi-channel case corresponds to the channel bonding case as described above.  ETSI BRAN neither specifies CAT2 LBT nor channel bonding based multi-channel access in the HS EN 302 567. 
The Type B channel access is further complicated in 60 GHz, as there are no nominal channel BW units that all the devices sharing the band would use. For example, this was 20 MHz in the 5 GHz domain. According to the regulation, a manufacturer can state through declaration of conformance the bandwidths they support. By adopting Type B multi-channel access, we are forcing an unnecessary restriction on what these BWs need to be and where the sensing needs to be done. Moreover, the channel bonding scheme worked well in 5 GHz because it was based on following the same channelization and the same unit of 20 MHz for LBT. 
[bookmark: _Hlk67061324]We should not consider Type B multi-channel access from 37.213 in this WI for three reasons. Firstly, there is no fixed channelization or nominal channel BW in 60 GHz. Secondly, any channel bandwidth, including multiple carriers with different carrier BWs for each carrier, is allowed according to the regulation if it is declared by the manufacturer. Thirdly, it Is not straight-forward how to select the primary carrier for type B channel access as the HS EN 302 567 does not specify CAT2 LBT nor multi-channel/carrier operation. Consequently, a device may randomly choose a carrier with narrower bandwidth as its primary channel and perform CAT2 LBT on the wider bandwidth secondary channels. Therefore, there is too much specification effort in 3GPP RAN1 to allow Type B channel access. 
Alternatively, ETSI HS EN 302 567 adequately captures the LBT BW to be used as the operating channel BW. Therefore, it is enough to define LBT bandwidth for a single carrier and allow Type A multi-channel option from 37.213 for multi-carrier operations. 
[bookmark: _Toc67541246][bookmark: _Toc67541283][bookmark: _Toc67541319][bookmark: _Toc67541380][bookmark: _Toc67541426][bookmark: _Toc67541612][bookmark: _Toc67541676][bookmark: _Toc67541722][bookmark: _Toc67596407][bookmark: _Toc67986548][bookmark: _Toc68076643][bookmark: _Toc68076706][bookmark: _Toc68076741][bookmark: _Toc68164581][bookmark: _Toc68184035][bookmark: _Toc68202230][bookmark: _Toc68202321][bookmark: _Toc68202796][bookmark: _Toc68593118]ETSI regulation for 60 GHz bands do not support Type B multi-channel access. 
[bookmark: _Toc68593145]Do not support Type B multi-channel access for NR operation in 52.6 GHz to 71 GHz.

[bookmark: _Toc68189023]2.2	Short control signaling transmissions 
Recently, ETSI TC BRAN added a separate clause for Short control signaling transmissions to HS EN 302 567. The details of short control signaling are described below. Unlike EN 301 893 (5 GHz) and EN 303 687 (6 GHz), EN 302 567 specifies no limitation on the number of control transmissions but only on the total duration of short control transmissions during an observation period. From an HS compliance perspective, a margin of up to 10% control frame transmissions without performing an LBT is allowed. This permission should be taken into consideration when designing any LBT related changes for control channels/signals.The use of Short Control Signalling Transmissions shall be constrained as follows:
within an observation period of 100 ms, 
the total duration of the equipment's Short Control Signalling Transmissions shall be less than 10 ms within said observation period. 




[bookmark: _Hlk61250636]Short control signalling transmissions are included in EN 302 567 to transmit for example control and management transmissions, beamforming training sequences, broadcast and other transmissions without applying LBT before transmitting. EN 301 893 also specifies a requirement on the number of such transmissions allowed within the observation period. However, this limitation does not apply in EN 302 567. In this regard, the discovery burst (including SS/PBCH blocks) and PRACH can be classified as transmissions that fall under the short control signaling category. EN 302 567 [4] includes a section on short control signalling transmissions that 3GPP RAN1 specs need to consider.
[bookmark: _Toc68593119]SCS transmissions have a duty cycle requirement but no limitations on the number of SCS transmissions within the observation period

[bookmark: _Toc53738664][bookmark: _Toc68593146]Consistent with EN 302 567, a node can access the channel without LBT for control signal/channel transmissions, the total duration of which shall not exceed 10 ms within an observation period of 100 ms. The following signals/channels shall be classified as short control signaling transmissions:
1 [bookmark: _Hlk67641800][bookmark: _Toc68593147]Discovery burst (as defined in Rel-16) 
2 [bookmark: _Toc68593148]msg1 and msg3 for the 4 step RACH and MsgA for the 2-step RACH 
3 [bookmark: _Toc68593149]FFS: Other control transmissions not multiplexed with user data (subject to gNB configuration)
[bookmark: _Toc68189024]3	Further enhancements to LBT mechanisms 
LBT has been used as a medium access mechanism for license-exempt spectrum in lower frequency ranges, e.g., 2.4 GHz and 5 GHz bands. However, since the millimeter wave frequency range is characterized by high radio propagation loss that require the use of directional transmission and reception via large antenna arrays, LBT does not operate satisfactory. Interference conditions in the 60 GHz band are considerably different compared to lower frequency bands. The following aspects dominate in the 60 GHz band: 
· [bookmark: _Hlk31630283]The transmission power limitation imposed by spectrum regulations and the attenuation characteristics around the 60 GHz range prevents radio signals to cause strong interference to other nodes located tens of meters away. 
· In practical deployments, the signal from other transmitters are often blocked by objects further reducing the interference.
· Highly directional signal transmission is less likely to interfere other nodes even in the close vicinity, except for the nodes that lie directly in the transmission beam coverage. The probability of interference is further reduced for the nodes that employ directional reception. 
· Highly directional transmission also makes it very difficult for a transmitter to correctly detect the interference level at intended receiver, and hence the fundamental assumption in classical LBT for interference avoidance no longer holds. Moreover, we demonstrated in [6] that the interference level at both transmitter and receiver is well below the LBT threshold, regardless of any difference between the sensed level at either node.
Therefore, the effectiveness and necessity of employing LBT to mitigate interference in the 60 GHz band is questionable.
[bookmark: _Toc61356008][bookmark: _Toc61356657][bookmark: _Toc61432464][bookmark: _Toc61520100][bookmark: _Toc61810931][bookmark: _Toc61882708][bookmark: _Toc61886122][bookmark: _Toc61886196][bookmark: _Toc61886519][bookmark: _Toc61903029][bookmark: _Toc53738657][bookmark: _Toc68593120]The effectiveness of LBT itself as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable. Therefore, any further enhancement on LBT baseline from the HS need to be justified both on the performance gain and the required complexity.  
[bookmark: _Toc68189025]3.1	Omni-directional LBT vs Directional LBT
In HS EN 302 567 there is no mention or reference to directional LBT. In IEEE 802.11ad and IEEE 802.11ay the common understanding is that a device performs omni-directional LBT or quasi-omni-directional LBT.  This is simpler for beam switching or sector sweeping. We propose to keep the same for 3GPP spec as well. 

[bookmark: _Toc68593121]Common understanding in ETSI and IEEE 802.11ad and IEEE 802.11ay specs are omni-directional LBT or quasi-omnidirectional LBT
Directional LBT where the transmitter listens to the channel only in the direction(s) that it intends to transmit, has been discussed in the 60 GHz unlicensed SI. One common understanding is that directional LBT could increase the spatial reuse by reducing the exposed node problem. However, the transmitter already rarely defers against interferences due to high directional beamforming and pathloss. Thus, it seems to be unnecessary to optimize LBT in 60 GHz band by enabling directional LBT. To confirm that hypothesis, the performance of directional LBT compared to omni-directional LBT for different scenarios, i.e., indoor scenarios A, B and C were evaluated in [6]. The results revealed no benefits for using directional LBT as compared to operating an omni-directional LBT. Furthermore, operating without LBT still has the best throughput performance. 

[bookmark: _Toc68593122]Simulation studies in general indicate no significant gain from using directional LBT. 
Based on the above observations, we have the following proposal
[bookmark: _Toc67389084][bookmark: _Toc67541759][bookmark: _Toc67541795][bookmark: _Toc67541922][bookmark: _Toc67541978][bookmark: _Toc67596445][bookmark: _Toc67928115][bookmark: _Toc67986587][bookmark: _Toc68076682][bookmark: _Toc68077217][bookmark: _Toc68184135][bookmark: _Toc68202267][bookmark: _Toc68202450][bookmark: _Toc68593150]Support omni-directional LBT or quasi-omni-directional LBT as the baseline LBT procedure for 60 GHz band.
In RAN1-104-e, there is support from companies to study directional LBT. It was discussed whether and how to define the relationship between sensing and transmission beams, but we did not arrive at a consensus. The following two proposals were discussed in detail:Proposal 2.8.4-1 (majority view except Ericsson):
· [bookmark: _Hlk63256191][bookmark: _Hlk63256219]3GPP specification defines the relative relationship between all applicable sensing beams and the transmission beam, at least sensing beam “covers” the transmission beam, 
· FFS: How to define the relationship
· FFS: What is the exact definition of sensing beam “covers” the transmission beam.
· FFS: Whether or not there is RAN1 specification impact, and if no RAN1 impact, whether or not it can be left to RAN4 to introduce a testing requirement

Proposal 2.8.4-2 (Ericsson proposed version, with some language reorganization)
When LBT mode is used, further study whether/how to specify the relative relationship between sensing and transmission beam(s). If the relationship is specified, sensing beam(s) at least “cover” the transmission beam(s)
· FFS: Details on the definition of "cover"
· FFS: Details on the definition of relative relationship between sensing and transmission beam(s)
· FFS: Whether or not there is RAN1 specification impact, and if no RAN1 impact, whether or not it can be left to RAN4 to introduce a testing requirement



[bookmark: _Hlk67296619][bookmark: _Hlk67642090]Firstly, we need to note that there is no true omni-directional sensing in the real world and most often it is quasi-omni directional or directional sensing. Secondly, the main motivation to introduce the relationship between sensing and transmission beams is the concern that without this relationship the transmitter could sense in a direction which is different from the transmit direction resulting in miss detection of the interference in the intended transmit direction. However, in our view, it is intuitive that the sensing beam should cover the transmission beam. A device will be tested with this assumption in HS EN 302 567 and hence there is no need to define this relationship. It is up to RAN4 to define requirements to ensure the sensing beam includes the intended transmission direction. From RAN1 point of view this can be left for implementation. Thirdly, there is no notion of directions/beams for sensing described in the TS 37.213 and it will take a lot of specification effort. There were proposals to include the beam shape in RAN1 104-e [10], however, those include the assumption that beam correspondence is needed. Even if beam correspondence is supported by the UEs, it is not easy to specify the relationship between the sensing beam and the transmission beams when transmission with multiple beams is used.   
[bookmark: _Toc67986554][bookmark: _Toc68076649][bookmark: _Toc68076712][bookmark: _Toc68076747][bookmark: _Toc68164587][bookmark: _Toc68184041][bookmark: _Toc68202236][bookmark: _Toc68202327][bookmark: _Toc68202802][bookmark: _Toc68593123]Beam correspondence is an essential feature to define any relationship between the sensing beam and the corresponding transmission beam.
[bookmark: _Toc68593124]Even if beam correspondence is supported, it is complex to define a directional sensing beam that covers several transmission beams and would involve a large RAN1 specification effort.
In addition to the above discussion, it is worthy to note that the directional sensing/ LBT itself is not precluded by the regulations. If the sensing beam is the same as the directional transmission beam, the device can perform LBT using the beam and use the intended EIRP for the transmission to calculate EDT. If the transmission is performed in a direction different to sensing it will fail the tests in EN 302 567, where the interference signal shall be aligned to the direction of the transmission. EN 302 567 v2.2.0
5.3.8.2 Test method
The principle is to establish a communication between UUT and companion device, and then check the behaviour of
UUT in the presence of an interferer.
[bookmark: _Hlk68074498]The UUT may be connected to a companion device during the test. When performing this test of a UUT with directional antenna (such as array antenna system capable of beam-forming), the wanted communication link (between the UUT and the companion device) and the interference signal shall be aligned to the direction  orresponding to the UUT's maximum EIRP.

As mentioned earlier, it becomes highly complex to specify various beam directions in RAN1.
[bookmark: _Toc68593125][bookmark: _Toc66977638][bookmark: _Toc66977783][bookmark: _Toc66977819][bookmark: _Toc66977855][bookmark: _Toc67541255][bookmark: _Toc67541291][bookmark: _Toc67541327][bookmark: _Toc67541388][bookmark: _Toc67541434][bookmark: _Toc67541684]Directional LBT is currently not precluded in the existing regulations. EN 302 567¨s tests intrinsically ensure sensing beam is in the direction of the transmission beam for devices equipped with directional antenna systems.
[bookmark: _Hlk67063939][bookmark: _Toc68593151]When LBT mode is used, relationship between sensing and transmission beam(s) is left to implementation while not violating the regional regulations.  
[bookmark: _Hlk67297100]Notwithstanding the discussions and potential proposals on directional LBT, the following agreement on supporting TDM of beams has been agreed in RAN1-104e.Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch


 
From the above options, Alt 1 with omni-directional LBT at the beginning of COT and no LBT for the following beams is the better option for the following reasons: 
(i) Alt 1 with omni-directional LBT is simpler and compliant with current HS (no need for LBT from the responding device(s)) in a friendly manner by performing omni-directional LBT (instead of wide sensing beam) at the beginning of COT; 
(ii) [bookmark: _Hlk67305879]Alt 2 or by allowing directional LBT, would require the device(s) to perform LBT several times within a COT whenever the transmit direction changes, which adds unnecessary overhead leading to degraded performance. During the SI, many companies showed that LBT (either directional or omni-directional) degrade performance in most scenarios compared to no LBT; 

Therefore, to summarize, in order to enable time domain multiplexing of DL/UL in multiple beams, the LBT sensing beam needs to cover all the sector areas or the beam regions. We think it is easier to perform an omni-directional or quasi-omni directional “umbrella LBT” that covers all the possible beam directions at the beginning of the COT. Furthermore, there is no need to complicate channel access mechanism by having LBT thresholds for multiple beam directions. EN 302 567 does not define it, neither should 3GPP do that. In addition, there is also no need to define the relationship between the LBT sensing beam and the transmission beam if the LBT beam is omni-directional or quasi-omni-directional. As stated earlier, quasi-omni-directional LBT is also used by IEEE 802.11ad and IEE 802.11ay devices for operation in the 60 GHz band. In principle this resembles the 5 GHz case, where LBT is performed over a 20 MHz carrier but transmission may occur over only 2 MHz.
[bookmark: _Toc68593152]For time domain multiplexing of DL/UL transmissions in multiple beams when LBT mode is used, support Alt 1 where the definition of “cover” at least supports omni-directional or quasi-omni-directional LBT at the beginning of the COT, and no LBT for the following beams in the COT.
The following agreement on supporting SDM of beams has been agreed in RAN1-104e.Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT



Similar to the scenario with TDM of beams, if directional LBT were to be used, there is a need to define a directional LBT sensing beam that covers all the beams in every transmission. In our opinion, this is too complex to specify and can be left for gNB implementation. 

[bookmark: _Toc68593153]For spatial domain multiplexing when LBT mode is used, support Alt1 where the definition of “cover” at least includes omni-directional or quasi-omnidirectional.  
[bookmark: _Toc31715078][bookmark: _Toc68189026]3.2	Receiver assisted channel access and interference management
In RAN1 103-e we presented the performance evaluation for ideal receiver assisted LBT (RAL) [6]. In the evaluated procedure, the LBT procedure is performed at the receiver instead of transmitter. The LBT result at the receiver is assumed to be available instantly at the transmitter without accounting for any overhead for exchanging this information between the transmitter and the receiver. This means, if there is data to transmit, an LBT procedure is initiated at the receiver, and if the channel is free, the transmitter initiates the COT. In other words, the results show an upper bound of what a receiver assisted LBT procedure would provide under an unrealistic assumption of instantaneous feedback. 
It is also worth noting that for these evaluations, we have assumed that the CW is set to the minimum value (3 observation slots), i.e., the back-off delay is minimized. The performance when operating with LBT mode would be even worse if the CW would be set to a value larger than the minimum, thus degrading performance even more compared to the case of No LBT. 
According to the results in [6] LBT reduces the system throughput (both mean and fifth percentage throughputs), for both LBT performed at the transmitter and for ideal receiver assisted LBT. 
[bookmark: _Toc53738656][bookmark: _Toc68593126]Ideal receiver assisted LBT does not show performance improvement as compared to no LBT operation. 
Simulation results for RAL in [7] indicated that there was increased throughput for 5%ile UEs under high load. However, from the email discussions in the meeting [8], we note that the gains obtained in the scenario does not seem to stem from LBT at the receiver, instead it seems to be obtained by smart scheduling with assistance/information reporting from the receiver. The UEs send interference measurement results to the gNB and the gNB selects the UE with the lowest interference level and schedules that UE. This information from the receiver can be used by a smart scheduler behaviour that can compare measurements and select the UE with lowest interference. 
[bookmark: _Toc66977641][bookmark: _Toc66977786][bookmark: _Toc66977822][bookmark: _Toc66977858][bookmark: _Toc67541259][bookmark: _Toc67541295][bookmark: _Toc67541331][bookmark: _Toc67541392][bookmark: _Toc67541438][bookmark: _Toc67541622][bookmark: _Toc67541688][bookmark: _Toc67541732][bookmark: _Toc67596418][bookmark: _Toc67986559][bookmark: _Toc68076654][bookmark: _Toc68076717][bookmark: _Toc68076752][bookmark: _Toc68164592][bookmark: _Toc68184046][bookmark: _Toc68202241][bookmark: _Toc68202332][bookmark: _Toc68202807][bookmark: _Toc68593127]Good link adaptation algorithm is enough to cope with occasional interference in 60 GHz band
In RAN1 104-e, the following was agreed:Agreement: 
For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 




Alt 1 and Alt 2 represents reporting mechanisms already supported in 3GPP with possible enhancements. This means that channel access can already be supported with these existing mechanisms and only enhancements (if need) to these need to be considered in this study. 
On the other hand, it is not clear what Alt 3 represents. From the current langue, it is not a reporting mechanism but a sensing mechanism which carries out eCCA or CAT2 LBT at the receiver. However, reporting mechanism is need whenever a transmitter initiating channel access mechanism requests the LBT at the receiver then reporting it. From our understanding, this is not different from the reporting mechanisms in Alt.2 except that it also includes LBT as an additional step. The processing delays for Alt 2 and Alt3 are the same, as they are both aperiodic and of the same nature. However, Alt3 needs to further include LBT overhead . 
[bookmark: _Toc68593128]It is unclear what Alt3 represents. From our understanding, Alt2 and Alt3 are similar aperiodic reporting mechanisms with Alt3 having additional overhead in terms of LBT.  
[bookmark: _Toc68593154]Support Alt 1 and 2. New receiver assistance mechanisms such as Alt 3 requires further studies and clarifications with all overheads and processing delays considered. 
Considering the above, in TR 38.808, it was agreed to further study different algorithm classes for how the receiver can provide assistance/information to transmitter during channel access procedure. There were 3 classes defined, we have highlighted only Class A below. 
	The following receiver assisted channel access and interference management schemes have been considered and can be further investigated when specifications are developed.
-	Class A) Receiver provides assistance information (signalling) to transmitter only. The following aspects of Class A can be further discussed when specifications are developed.
-	Applicability in the following potential channel access modes:
-	LBT is performed prior to transmission,
-	No LBT is performed prior to transmission.
-	Details of assistance information (e.g., type, timing, content, how the assistance information is obtained etc.).
-	Whether the assistance information can be obtained by LBT performed at the receiver prior to transmission.
-	Whether the assistance information can be obtained by existing layer 1 and layer 3 measurements with enhancements if needed.
-	If any specification changes are needed to support Class A.



If this type of receiver assistance is adopted, it would be good to work on the procedures, and the type of information that will be exchanged. During the discussions for the FL summary it was noted that the UEs can send interference measurement results to the gNB and the gNB can use this information in a smart manner for scheduling purposes. In that regard, we would like to highlight the issue with CSI reporting and how CSI reporting can be enhanced to enable receiver assistance in channel access as described above.
The scheduler in gNB coordinates all DL and UL transmission. In a general sense, obtaining detailed knowledge about the radio channel collected at the receiver will be beneficial for the scheduler to schedule radio resource more efficiently. For NR operation in unlicensed operation, it is of particular interest for the scheduler to obtain the interference situation at targeted receiver in real-time. NR specification has already provided a complete set of radio channel measurement and reporting mechanisms. In our view, receiver assistance information could potentially include various measurement results collected at the receiver, such as L1-RSRP, L1-SINR and RSSI (Note that RSSI is not defined in the current specifications but can be easily included). Measurement and reporting of receiver assistance information could be incorporated into the existing CSI reporting framework.
CSI reporting from UE to gNB is a potential way of communicating receiver assistance information for DL data transmission. In the UL, gNB can perform channel and interference measurement towards the targeted UE before UL data transmission is scheduled, hence there is no need for communicating receiver assistance information over the air interface.
The current NR specification supports various CSI reporting mechanisms, such as periodic CSI reporting, semi-persistent CSI reporting and aperiodic CSI reporting, for various purposes in different application scenarios. Periodic CSI reporting is suitable for transmitting a small amount of information bits on PUCCH; semi-persistent CSI reporting can be used to report a bit more information bits either on PUCCH or PUSCH; aperiodic CSI reporting is developed for a large channel report on PUSCH. The aperiodic CSI reporting mechanism could potentially be adopted for receiver assistance information reporting due to its scheduling flexibility.
The current NR specification supports aperiodic CSI reporting on PUSCH. The gNB pre-configures the UE with a list of aperiodic trigger states, with each trigger states linked to one or multiple associated report configurations. Each associated report configuration contains a CSI report configuration ID and specifies a set of CSI-RS resource sets (NZP CSI-RS, SSB and CSI-IM resource sets) for channel and optionally for interference measurement. In the current NR specification, an aperiodic CSI is triggered by an UL grant DCI (DCI Format 0_1 or 0_2). The CSI request value in triggering DCI points to one of the trigger states in the pre-configured aperiodic trigger state list. When the UE detects a UL grant DCI with a valid CSI Request value, the UE should perform channel and optional interference measurement based on the CSI resource sets specified in the pre-configured associated report configuration, compute CSI-related, L1-RSRP-related or L1-SINR-related quantities as specified in the CSI report configuration, and transmit CSI report on the PUSCH resource scheduled by the UL grant DCI.
[image: ]
[bookmark: _Ref61855791]Figure 3: Aperiodic CSI reporting procedure
Figure 3 briefly depicts the aperiodic CSI reporting procedure as specified in the current NR standard for the case of aperiodic CSI-RS. In the figure, X represents the aperiodicTriggeringOffset given in NZP CSI-RS resource set; Y represents report slot offset determined by the triggering DCI and the reportSlotOffsetList in the CSI report configuration.
In NR Rel-15 and Rel-16, Aperiodic CSI reporting can only be triggered by UL grant DCIs and the CSI report can only be transmitted on PUSCH. An enhancement is currently being discussed in Rel-17 in the URLLC WI to support triggering Aperiodic CSI by a PDSCH scheduling DCI, i.e., DCI format 1_1 and 1_2. Since there is no associated PUSCH, the triggered Aperiodic CSI report is carried by PUCCH. This new Aperiodic CSI mechanism can be considered as some sort of aperiodic CSI reporting on PUCCH, which is built on the Aperiodic CSI reporting framework as specified in the current NR specification, mainly with the following enhancement:
The aperiodic CSI is triggered by a DL DCI (DCI Format 1_1 or 1_2). The DCI carries a CSI request, pointing to a pre-configured aperiodic CSI trigger state.
The CSI report is transmitted on PUCCH. The PUCCH resource for CSI report transmission can be specified by higher layer configuration (CSI-ReportConfig).
In our view, the aperiodic CSI-Reporting mechanism in the current specification is a suitable tool to communicate receiver assistance information to the transmitter, i.e., the gNB.
[bookmark: _Toc68593129]CSI-Reporting mechanism in the current specification is a suitable tool to communicate receiver assistance information to the transmitter, i.e., the gNB. Enhancement may be needed to enable aperiodic CSI reporting to be triggered by DL DCIs and to be transmitted on PUCCH as being discussed in the URLLC WI.
However, CSI reporting delays are currently very long for NR with the main parameters deciding the processing delays, scheduling overhead and thus the overall benefit of receiver assisted channel access. For instance, it is up to 11 slots for 120 kHz SCS and could be up to 33 slots for 960 kHz SCS based on our estimation. Considering channel/interference varying during long delays of CSI reporting and the reporting overhead (especially in low load, when there is no data to fill in the reporting gap and fewer UEs to have benefit from scheduling), the benefit of receiver assisted channel access is questionable. 
[bookmark: _Toc68593130][bookmark: _Hlk67652111][bookmark: _Hlk67652093]Current processing delays for CSI reports in NR are rather long, which diminishes any potential benefit of receiver assisted channel access. If any gains of receiver assisted channel access are to be expected at all, then it requires fast feedback.
Based on above observation, we propose the following
[bookmark: _Toc67541984][bookmark: _Toc67596451][bookmark: _Toc67928122][bookmark: _Toc67986594][bookmark: _Toc68076689][bookmark: _Toc68077224][bookmark: _Toc68184142][bookmark: _Toc68202274][bookmark: _Toc68202457][bookmark: _Toc68593155]If any enhancements to better support receiver assisted channel access are to be specified at all, it should be based on CSI reporting enhancement as currently being discussed in the URLLC WI, with potential enhancements to the CSI report type and the CSI processing timeline.
[bookmark: _Toc61520121][bookmark: _Toc61520122]
[bookmark: _Toc68189027]3.3	 COT sharing aspects
[bookmark: _Toc68189028]3.3.1	CAT2 LBT 
Regarding the CAT2 LBT the following agreement was made in RAN1#104-eAgreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation

Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.


CAT2 LBT has been touted as useful mechanism for various use cases in RAN1 104-e for 60 GHz unlicensed operation. 
[bookmark: _Hlk67652169]However, it should be noted that the evaluations done in the SI do not encourage the use of CAT3 LBT/eCCA (8us +5us*rand(0,3) = 23us max, the contention window is fixed with minimum value of 3) as it results in aggregated throughput degradation when LBT is used. Adding further complexity and overhead in terms of CAT2 LBT is not only necessary but futile. Furthermore, EN 302 567 does not mandate any CAT2 LBT.
[bookmark: _Toc68593131]CAT2 LBT is not specified in HS EN 302 567
There are no studies done to show that doing CAT2 LBT at the UE (when LBT-mode or no-LBT mode is used at the transmitter) is good for coexistence in the use cases described above in the 60 GHz band considering the fact that CAT3 LBT itself did not have a significant impact in the simulation studies. 
In RAN1 103-e we presented the performance evaluation for ideal receiver assisted LBT (RAL) [6]. In the evaluated procedure, the CAT3 LBT procedure is performed at the receiver. It is also worthy to note that the LBT result at the receiver is assumed to be available instantly at the transmitter without accounting for any overhead for exchanging this information between the transmitter and the receiver. According to the results, the CAT3 LBT at the receiver reduces the system throughput (both mean and 5th%ile) even for the most ideal scenario. We postulated that if a more conservative CAT3 LBT (23 µs) did not yield any performance improvement for receiver-assistance in channel access, CAT2 LBT (8 µs) will likely not. 
In this study, we performed simulations for COT sharing using CAT2 LBT without any receiver-assistance. In the simulations, CAT2 LBT is performed at the responding device when the gap between the previous transmission and the current transmission is more than 8us using Scenario A, which has the largest number of nodes among the indoor scenarios (A, B and C). 
It can be observed from Figure 4 and 5 that, there are no gains obtained due to performing CAT2 LBT at the receiver for COT sharing when the initiating device performs both omni-directional and directional CAT3 LBT. The mean and 5th percentile throughput of the system either remains unchanged or is slightly lowered when performing CAT2 LBT at the responding device, regardless of whether it was directional or omni-directional. It can also be noted that the type of LBT (omni-directional or directional CAT3) at the initiating device also seem to have no significant impact on the system throughput. This augments our previous argument that the interference condition in the 60 GHz band is considerably low rendering any form of LBT ineffective. Few corner cases may benefit from performing LBT but these cases can also be solved by efficient deployment. 
[image: ] [image: ]
[bookmark: _Ref67385168]Figure 4:	DL mean and fifth percentile throughputs with and without omni-directional or directional CAT2 LBT at the responding device, when the initiating device performs omni-directional or directional CAT3 LBT
[image: ] [image: ]
Figure 5:	UL mean and fifth percentile throughputs with and without omni-directional or directional CAT2 LBT at the responding device, when the initiating device performs omni-directional or directional CAT3 LBT

[bookmark: _Toc68593132]Simulations study show that there is no consistent gain using CAT2 LBT compared to no LBT for COT sharing. 
In the following sub-section, we analyze the need of CAT2 LBT in the proposed use cases.
· Resume transmission after a gap Y: Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· [bookmark: _Hlk67302696]Doing CAT2 LBT after a gap Y does not guarantee that the initiating devices’ transmissions can resume smoothly and will not be interfered in the first place. It only means that it is in the best interest for the system to have shorter gaps in the COT. Furthermore, as shown through simulations and discussed above, the interference scenario in 60 GHz is low. There is no need to introduce additional LBT mechanism.
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· No studies show that this has any benefit. The above simulation studies show that there is no benefit from CAT2 LBT compared to no LBT in shared COT. It is not acceptable to re-specify the 5 GHz channel access procedure in 60 GHz without proper evidence of the benefit. In 5 GHz, it was motivated by IEEE 802.11ax and stronger interference but in this case, the corresponding technologies IEEE 802.11ad and IEEE 802.11ay do not use CAT2 LBT for COT sharing.
· Multi-Beam LBT: Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· There are no studies to indicate this is beneficial or needed. Furthermore, as discussed in this contribution, multi-beam LBT would require the device(s) to perform LBT several times within a COT whenever the transmit direction changes, which adds unnecessary overhead leading to degraded performance. During the SI, many companies showed that LBT (either directional or omni-directional) degrade performance in most scenarios compared to no LBT.
· Rx-Assistance: Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
· Receiver assistance works only if the response is fast and can be done in other ways. There is no need to introduce CAT2 LBT for Rx-assistance measurements when it does not serve any purpose otherwise. Simulation results presented so far, do not indicate the effectiveness of CAT2 LBT. 
For channel access proposals that go beyond what the HS requires, we would like to see evidence that those features are essential for coexistence or other purposes. It is not acceptable to re-specify the 5 GHz channel access procedure in 60 GHz without proper evidence of the benefit. Therefore, we note that, all these use cases can be based on gNB/UE implementation if companies think there are benefits in specific use-cases.
[bookmark: _Toc66977647][bookmark: _Toc66977792][bookmark: _Toc66977828][bookmark: _Toc66977864][bookmark: _Toc67541267][bookmark: _Toc67541303][bookmark: _Toc67541339][bookmark: _Toc67541400][bookmark: _Toc67541446][bookmark: _Toc67541630][bookmark: _Toc67541696][bookmark: _Toc67541740][bookmark: _Toc67596426][bookmark: _Toc67986567][bookmark: _Toc68076662][bookmark: _Toc68076725][bookmark: _Toc68076759][bookmark: _Toc68164599][bookmark: _Toc68184053][bookmark: _Toc68202248][bookmark: _Toc68202339][bookmark: _Toc68202814][bookmark: _Toc68593133]It is not precluded to do CAT2 LBT in addition to the CAT3 LBT requirements. There is no motivation to specify it in the 3GPP RAN1 standard.
[bookmark: _Toc68593156]Do not support CAT2 LBT  in 60 GHz unlicensed band.
[bookmark: _Toc68189029]3.3.2		Gaps in Shared COT
The following was agreed in RAN1- 104-eAgreement:
On maximum gap within a COT to allow COT sharing without LBT, down-select from
· Alt 1. No maximum gap defined. A later transmission can share the COT without LBT with any gap within the maximum COT duration
· Alt 2. Define a maximum gap X, such that a later transmission can share the COT without LBT only if the later transmission starts within X from the end of the earlier transmission
· FFS: Value for X
· Alt 3. Define a maximum gap Y, such that a later transmission can share the COT without LBT only if the later transmission starts within Y from the end of the earlier transmission. If the later transmission starts after Y from the end of the earlier transmission, an one-shot LBT is needed to share the COT
· FFS: Value for Y
· FFS:  How to define the one-shot LBT



ETSI HS EN 302 567 specifies that an equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for that equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. This does not clearly explain what “immediately” means but it also does not mandate CAT2 LBT. Furthermore, the evaluations done so far do not encourage the use of LBT as it results in aggregated throughput degradation when LBT is used. Although, we see the need to clarify what “immediately” is, there is no need to include additional mechanisms to the specification without evaluating them.
Gaps defined in the system does not have a direct bearing on the interference caused to the system. It is only in the best interest for a system to have minimum gaps so that the channel access by other neighboring systems do not conclude that the channel is idle. Existing IEEE 802.11ad and IEEE 802.11ay systems may use a maximum of 40 µs gap while performing Beamforming refinement protocol [Figure 7]. 
[bookmark: _Toc68593134]ETSI BRAN regulations do not specify a minimum or maximum gap in the 60 GHz HS. 
[bookmark: _Toc68593135]Minimum gaps in a technology are determined by the processing delays and TX-RX turnaround times. 
[bookmark: _Toc68593136]If Alt 2 is adopted, the maximum gap must consider the transmitter/receiver switching times from RAN4. 
[bookmark: _Toc68593157]Support Alt 1 for gaps in COT sharing. 
[bookmark: _Toc68189030]3.4	CAPC and CWS enhancements
[bookmark: _Hlk61515692]The below statement was included in TR 38.808 v1.0.0 [3],
	“Use the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz band when LBT is applied. The following can be discussed further during normative work:
-	whether CAPC and contention window adjustment mechanisms are introduced,
-	whether contention window range needs to be adjusted.”



There is a justification for having channel access priority class (CAPC), contention window size (CWS) adjustment in 5 GHz because the propagation characteristics and coverage of this frequency range might result in interference issues. So, it was important to make sure that high priority data is prioritized in this case (via CAPC) and collisions are resolved via CWS adjustment.  
The situation is very different in 60 GHz. Most companies have shown that the LBT is inducing unnecessary deferral that reduces throughput performance. Differentiating between traffic types would mean inducing even larger unnecessary latencies.
In general, LBT in 60 GHz may or may not bring gains for the 5th perc. users, but what all companies agree on is that it has a negative impact on the aggregated system performance. Therefore, there is no justification to increase the LBT overhead by further introducing CAPC and CW adjustment. 
Another point that strengthens this argument is that CWS adjustment and CAPC are not specified by the regulations in the HS EN 302 567 which was decided to be used as baseline for channel access in 60 GHz when LBT is applied. 
The work should be focused on what is needed to enhance the performance and not to re-specify the 5 GHz LBT aspects in 60 GHz without a strong motivation. 
[bookmark: _Toc61432482][bookmark: _Toc61432504][bookmark: _Toc61432541][bookmark: _Toc61432610][bookmark: _Toc61432637][bookmark: _Toc61447895][bookmark: _Toc61447995][bookmark: _Toc61520128][bookmark: _Toc61810921][bookmark: _Toc61882735][bookmark: _Toc61882757][bookmark: _Toc61882810][bookmark: _Toc61886221][bookmark: _Toc61903053][bookmark: _Toc61903069][bookmark: _Toc61432483][bookmark: _Toc61432505][bookmark: _Toc61432542][bookmark: _Toc61432611][bookmark: _Toc61432638][bookmark: _Toc61447896][bookmark: _Toc61447996][bookmark: _Toc61520129][bookmark: _Toc61810922][bookmark: _Toc61882736][bookmark: _Toc61882758][bookmark: _Toc61882811][bookmark: _Toc61886222][bookmark: _Toc61903054][bookmark: _Toc61903070][bookmark: _Hlk67042008][bookmark: _Toc68593158]CAPC, CWS adjustment can be implementation dependent. 
[bookmark: _Toc68189031]3.5	 Sensing slot structures
In RAN1 104-e, the following was agreed regarding the sensing structures for LBT. Agreement:
For energy measurement in 8us deferral period, down-select from the following:
· Alt 1. Two energy measurements are required
· Alt 2. One measurement is required
· Alt 3. Extend the 8us to 10us and perform two measurements, one in each 5us segment
For energy measurement in 5us observation slot, perform single measurement
· FFS minimum duration of the measurement
· FFS location of the measurement


Regarding the sensing periods of 8us deferral period and 5us sensing slot for eCCA, EN 302 567 does not specify any sensing structure but these parameters were adopted from 802.11ad specifications.
5us slot is definition of aSlotTime, and 8 µs is sum of aSIFSTime (3 µs) + aSlotTime (5 µs). Furthermore, in IEEE 802.11ad amendment (incorporated in IEEE 802.11-2020), a SIFSTime and aSlotTime is calculated as
[image: ]
[bookmark: _Toc68593137]IEEE 802.11ad and IEEE 802.11ay do not perform two energy measurements in the 8 µs deferral period
Based on the above, there is no need to perform two energy measurements within an 8 µs period as 802.11ad also do not. ETSI HS requirements were developed from IEEE 802.11ad. Moreover, there is no study to show that having an 8 µs deferral period with one energy measurement is detrimental to coexistence. 
[bookmark: _Toc68593138]ETSI HS does not require two energy measurements in 8 µs deferral period. 
[bookmark: _Toc68593139]No simulation studies to suggest that two energy measurements are needed in an 8us deferral period for good coexistence. 
[bookmark: _Toc68593159]For energy measurement in 8 µs deferral period, Alt2 is preferred.
Regarding 5 µs measurement periods, aSlotTime (5 µs) is defined as including aCCAtime. aCCATime is defined as “the maximum time (in microseconds) the CCA mechanism has available to assess the medium to determine whether the medium is busy or idle.” This is specified as a maximum duration of 3us in the 802.11ad-2012 specifications as shown in Figure 6. However, this is changed to “implementation dependent” in the recently released 802.11-2020 specifications, Table 20-30 [Figure 7]. Therefore, we think these values should be the same in 3GPP specifications as well. For 5us sensing slot, at most 3 µs could be used for CCA time, as defined in IEEE 802.11ad specification. However, in 3GPP, we need to define only a minimum duration and not a maximum duration.
[bookmark: _Toc68593160]For energy measurement in 5 µs, the duration can be implementation dependent.
The location of the measurement can be implementation dependent. It is worthy to note that IEEE 802.11 specifications place the location of the measurement in the beginning of a slot duration, after accounting for the PHY delay in Rx since the end of the last symbol and the air propagation time.  
[bookmark: _Toc68593161]For the location of the energy measurement in 5us, it can be implementation dependent.
[image: ]
[bookmark: _Ref68077073]Figure 6:	 802.11ad-2012 specification: aCCATime value specified as less than 3 us
[image: ]
Figure 7:	Recent 802.11-2020 specification showing aCCATime value for 802.11ad specified as “Implementation dependent”.

[bookmark: _Toc68189032]3.6	No LBT/LBT mode switching
Both LBT and no LBT channel access modes has been agreed to support for NR operation in 52.6 GHz to 71 GHz. The mechanism to indicate which LBT mode to use by the UEs has been discussed last meeting. The following alternatives for LBT mode indication have been proposed by companies [8]

Proposal 2.2.7-1:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Further discussion whether one or both of the following alternatives can be used for indication:
· Alt.1. Cell specific (common for all UEs in a cell) as part of system information or dedicated RRC signaling or both
· Alt 2. UE specific (can be different for different UEs in a cell) as part of UE-specific RRC configuration
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode

For Atl.1, LBT mode is indicated as cell specific signal is useful for the UE to determine which LBT mode to use before entering to the RRC connected mode. This Atl. is also similar to the mechanism to indicate LBT mode (whether dynamic LBT or semi statistic LBT) in rel-16. Therefore, it is reasonable to support Alt.1.
For Alt.2, LBT mode is indicated as part of UE-specific RRC configuration, which implies that different UEs could be indicated different LBT modes in the same cell. This Alt. could be useful for the scenario that channel access is supported by long-term interference measurement, in which gNB could switch some UEs that get consistent strong interference to the LBT mode.
[bookmark: _Toc68593162]Support Alt.1 and Atl.2 in the Proposal 2.2.7-1 in [8]. 

Regarding to the first FFS of the above proposal, three different scenarios are considered:
i) Different UEs with different beams in the same cell.
ii) Different beam pairs for the same gNB-UE pair.
iii) Different beams from different cells for the same UE.
For scenario i), we think it is covered by Alt.2, where the LBT mode is indicated per UE, regardless of the beam direction of each UE. 
[bookmark: _Hlk67042525][bookmark: _Hlk67043121]For scenario ii), the typical use case will be UE transmits different beams instantaneously in UL, where as different LBT modes are used for different beams. Then, the LBT procedure for multiple beams could be like multi-channel LBT, where different LBT engines will be aligned so that all LBTs could be finished in the same time for UL transmission alignment. However, the main benefit of no LBT mode is to reduce LBT overhead, if the beam with no LBT mode need to wait for the beam with LBT mode finishing LBT, then the benefit of no LBT is dismissed. Therefore, we do not see the benefit of indicating separate LBT mode for different beams for the same UE, which is more complex.    
[bookmark: _Hlk67063652]For scenario iii) Similar to the discussion on the benefit of different LBT modes for different beams of the same UEs in scenario ii), we do not see the benefit to indicate different LBT mode for different beams from different cells. However, since LBT mode is already indicated independently per cell (if Alt.1 or Alt.2 is supported), no more complexity is required for indicate different LBT modes for different cells. It could be up to implementation to whether to indicate the same or different LBT modes for different beams from different cells for the same UE.
Regarding to the second FFS of the proposal 2.2.7-1, if Alt.2 is supported, it already cover the case that gNB could have different LBT modes from some of its UE(s) when different LBT modes are configured for different UEs in the same cell.
[bookmark: _Toc46307406][bookmark: _Toc47530184][bookmark: _Toc68189033]4	Conclusion
[bookmark: _Hlk67039075]In this contribution, we first discuss the baseline changes to LBT design that need to be addressed due to the change in the harmonized standard HS EN 302 567. Our analysis shows that there is no significant gain from doing LBT but we propose enhancements to different LBT mechanisms, its usage and design, when used. Finally, we discuss a few potential enhancements that are beneficial to NR operation in 52.6 GHz to 71 GHz. The following observations can be drawn:
Observation 1	ED threshold defined in EN 302 567 v2.2.0 is a function of the transmission’s EIRP Pout, which includes the transmission beamforming gain. It does not include the sensing beamforming gain.
Observation 2	In EN 302 567, the nominal channel bandwidth and at least one transmission mode with occupied channel BW 70% of NBW is defined for spurious out-of-band emissions and not for LBT purposes.
Observation 3	The relationship between the LBT bandwidth and the channel bandwidth is not specified in EN 302 567 for the sake of technology-neutrality and flexibility.
Observation 4	Operating channel BW defined in EN 302 567 is the LBT BW in RAN1 which is already defined in 37.213 as a “channel”
Observation 5	Definitions in EN 302 567 and TS 37.213 at least covers Alt SC1 and Alt SC2.
Observation 6	ETSI regulation for 60 GHz bands do not support Type B multi-channel access.
Observation 7	SCS transmissions have a duty cycle requirement but no limitations on the number of SCS transmissions within the observation period
Observation 8	The effectiveness of LBT itself as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable. Therefore, any further enhancement on LBT baseline from the HS need to be justified both on the performance gain and the required complexity.
Observation 9	Common understanding in ETSI and IEEE 802.11ad and IEEE 802.11ay specs are omni-directional LBT or quasi-omnidirectional LBT
Observation 10	Simulation studies in general indicate no significant gain from using directional LBT.
Observation 11	Beam correspondence is an essential feature to define any relationship between the sensing beam and the corresponding transmission beam.
Observation 12	Even if beam correspondence is supported, it is complex to define a directional sensing beam that covers several transmission beams and would involve a large RAN1 specification effort.
Observation 13	Directional LBT is currently not precluded in the existing regulations. EN 302 567¨s tests intrinsically ensure sensing beam is in the direction of the transmission beam for devices equipped with directional antenna systems.
Observation 14	Ideal receiver assisted LBT does not show performance improvement as compared to no LBT operation.
Observation 15	Good link adaptation algorithm is enough to cope with occasional interference in 60 GHz band
Observation 16	It is unclear what Alt3 represents. From our understanding, Alt2 and Alt3 are similar aperiodic reporting mechanisms with Alt3 having additional overhead in terms of LBT.
Observation 17	CSI-Reporting mechanism in the current specification is a suitable tool to communicate receiver assistance information to the transmitter, i.e., the gNB. Enhancement may be needed to enable aperiodic CSI reporting to be triggered by DL DCIs and to be transmitted on PUCCH as being discussed in the URLLC WI.
Observation 18	Current processing delays for CSI reports in NR are rather long, which diminishes any potential benefit of receiver assisted channel access. If any gains of receiver assisted channel access are to be expected at all, then it requires fast feedback.
Observation 19	CAT2 LBT is not specified in HS EN 302 567
Observation 20	Simulations study show that there is no consistent gain using CAT2 LBT compared to no LBT for COT sharing.
Observation 21	It is not precluded to do CAT2 LBT in addition to the CAT3 LBT requirements. There is no motivation to specify it in the 3GPP RAN1 standard.
Observation 22	ETSI BRAN regulations do not specify a minimum or maximum gap in the 60 GHz HS.
Observation 23	Minimum gaps in a technology are determined by the processing delays and TX-RX turnaround times.
Observation 24	If Alt 2 is adopted, the maximum gap must consider the transmitter/receiver switching times from RAN4.
Observation 25	IEEE 802.11ad and IEEE 802.11ay do not perform two energy measurements in the 8 µs deferral period
Observation 26	ETSI HS does not require two energy measurements in 8 µs deferral period.
Observation 27	No simulation studies to suggest that two energy measurements are needed in an 8us deferral period for good coexistence.

Based on the extensive analysis and observations provide in this contribution, we propose
Proposal 1	Pout corresponds to the maximum of the mean output power EIRPs of the transmissions or transmission bursts in a COT that may contain varying transmission beams and EIRPs.
Proposal 2	ED threshold is defined as in the agreement from RAN1#104e. Further adjustment on ED threshold based on the transmission and sensing beamforming gains could be up to implementation while not violating EDT requirements as per regulations.
Proposal 3	Pmax should be fixed at 40 dBm in the EDT equation for products in this band as stipulated by the regulations.
Proposal 4	Support Alt SC1/Alt CA1 or Alt SC2/Alt CA3 for LBT in single carrier and multi-carrier operation
Proposal 5	Support Alt1 in the agreement that allows only Type A multi-channel access from 37.213.
Proposal 6	Do not support Type B multi-channel access for NR operation in 52.6 GHz to 71 GHz.
Proposal 7	Consistent with EN 302 567, a node can access the channel without LBT for control signal/channel transmissions, the total duration of which shall not exceed 10 ms within an observation period of 100 ms. The following signals/channels shall be classified as short control signaling transmissions:
1	Discovery burst (as defined in Rel-16)
2	msg1 and msg3 for the 4 step RACH and MsgA for the 2-step RACH
3	FFS: Other control transmissions not multiplexed with user data (subject to gNB configuration)
Proposal 8	Support omni-directional LBT or quasi-omni-directional LBT as the baseline LBT procedure for 60 GHz band.
Proposal 9	When LBT mode is used, relationship between sensing and transmission beam(s) is left to implementation while not violating the regional regulations.
Proposal 10	For time domain multiplexing of DL/UL transmissions in multiple beams when LBT mode is used, support Alt 1 where the definition of “cover” at least supports omni-directional or quasi-omni-directional LBT at the beginning of the COT, and no LBT for the following beams in the COT.
Proposal 11	For spatial domain multiplexing when LBT mode is used, support Alt1 where the definition of “cover” at least includes omni-directional or quasi-omnidirectional.
Proposal 12	Support Alt 1 and 2. New receiver assistance mechanisms such as Alt 3 requires further studies and clarifications with all overheads and processing delays considered.
Proposal 13	If any enhancements to better support receiver assisted channel access are to be specified at all, it should be based on CSI reporting enhancement as currently being discussed in the URLLC WI, with potential enhancements to the CSI report type and the CSI processing timeline.
Proposal 14	Do not support CAT2 LBT  in 60 GHz unlicensed band.
Proposal 15	Support Alt 1 for gaps in COT sharing.
Proposal 16	CAPC, CWS adjustment can be implementation dependent.
Proposal 17	For energy measurement in 8 µs deferral period, Alt2 is preferred.
Proposal 18	For energy measurement in 5 µs, the duration can be implementation dependent.
Proposal 19	For the location of the energy measurement in 5us, it can be implementation dependent.
Proposal 20	Support Alt.1 and Atl.2 in the Proposal 2.2.7-1 in [8].
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