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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#90-e. Before that, 3GPP  carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz, reported in [2]. This contribution deals with the following objective of the WID:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· 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
We consider first the LBT channel access mechanism and related procedures, focusing on the transmitter LBT procedure in Section 2, LBT beamforming in Section 3, channel access within COT in Section 4, receiver assistance in Section 5. Then we discuss the no-LBT channel access in Section 6.
Transmitter LBT procedure design
We consider LBT channel access mode in this section. We address some basic design aspects for LBT procedure at the transmitter, including contention window size, CAPC, energy detection threshold, LBT bandwidth. We consider also short control signalling in the context of LBT channel access mode.
In TR38.808 [2], it is stated on the LBT procedure:
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.
EN 302 567 [3] presents only a minor restriction to the LBT contention window size: the contention window for random back-off must be at least 3. In TR38.889 [4], channel access schemes were categorized into 4 categories. From those categories, both Cat-3 LBT: LBT with random back-off with a contention window of fixed size and Cat-4 LBT: LBT with random back-off with a contention window of variable size can meet the EN 302 567 LBT requirements. Cat-4 LBT adjusts the contention window size to trade-off between LBT overhead and collision probability: if a collision on the channel access is detected, contention window size is increased, increasing LBT overhead but decreasing the probability of a further collision. Obviously this requires contention window adjustment procedures including determination of a collision. As the possible collisions would relate to a certain beam or beams only, there would be a need to revise the CW adjustment procedures for the beam based operation. These procedures are not needed with Cat-3 LBT using a fixed contention window. 
Interference and channel access contention are expected to be less severe on 60 GHz than on 5 GHz unlicensed band due to more directive transmissions and stronger signal attenuation. Hence, channel access collisions can be expected to be infrequent even when the random back-off is drawn from a fixed-size contention window. The further benefit from variable contention window size would be marginal, but would nevertheless require specification and implementation efforts for the revising the CW adjustment procedures. Hence, we prefer Cat-3 LBT allowing for a simple LBT design. 
[bookmark: _Hlk61703192]Proposal 1: LBT procedure uses fixed contention window size for random back-off. The size of the fixed contention window is FFS.  
Support for channel access priority classes on the 60 GHz LBT mechanism is another issue to consider. CAPC provides a way to differentiate the channel access probabilities for different channels and traffic. CAPC mechanism exists already in NR and the highest priority class is used for SRB0, SRB1, SRB3 containing RRC messages. CAPC could be supported simply by introducing a new CAPC table to TS37.213. On the other hand, it is not clear that at 60 GHz the channel access contention would be severe enough to require a fine-tuned channel access differentiation with numerous CAPCs. It may be enough to support CAPC with a reduced number of priority classes, e.g. one CAPC for RRC messages and a second CAPC for other traffic. Moreover, as discussed in Section 2.2, many of the control signals and channels can be transmitted without channel sensing as short control signalling, which means that critical control messages are already given a priority when accessing the channel. If the allowance for short control signalling is large enough to accommodate  also RRC messages, there may not be real need for CAPCs at 60 GHz band at all.    
[bookmark: _Hlk61703201]Proposal 2: Reduced number of CAPCs can be considered for the LBT procedure for 60 GHz band. Support for CAPCs is considered together with the design of short control signalling.   
Energy Detection Threshold 
In the WID, the need to study and, if needed, to specify energy detection threshold enhancement is identified. In TR38.808 [2], it is stated on the energy detection threshold:
It can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, coexistence etc. It should be noted that there is no consensus that all of the aspects above need to be considered.
In the latest draft EN 302 567 v 2.2.0 [3], energy detection threshold (EDT) determination is updated to incorporate also channel bandwidth and the EDT is defined as:
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.
EDT as defined in EN 302 567 increases with increasing bandwidth and decreases with increasing EIRP. It can be noted that the EDT definition does not differentiate between increase in transmit power or in beamforming gain, although EIRP increase by beamforming can be expected to cause less interference to other systems than an increase by transmit power. Nevertheless, almost all aspects mentioned for EDT in TR38.808 are already incorporated to the EN 302 567 definition of EDT. Hence, we propose that NR EDT at 60 GHz is based on EN 302 567 definition.
Multiple alternatives for LBT bandwidth were identified in RAN1 103-e as discussed in Section 2.3. The LBT BW may differ from the channel BW. If EDT depends on the channel BW while LBT BW significantly differs from it, EDT operation may become biased. For example, interference exceeding EDT when LBT BW equals to channel BW does not necessarily exceed EDT when a narrower LBT BW is used. To avoid such bias, we propose that EDT depends on the LBT BW instead of the operating channel BW
Another aspect to consider is the possible difference on the LBT and transmission beamwidths and, correspondingly, on the beamforming gains. LBT beam is expected to contain at least the transmission beam, but it may also be wider. With a wider beam, LBT measurement may capture interference not relevant for transmission. However, with a wider LBT beamwidth, interference originating from the direction of transmission beam is received at lower level. To avoid such bias, energy detection threshold could be adjusted to compensate for any difference on the transmission and LBT beamforming gains. For example, EDT can be specified by using transmission beam as a reference beam for LBT. Any gain difference would be left for implementation to be compensated for.         
[bookmark: _Hlk61703213]Observation 1: Energy detection threshold of EN 302 567 depends on the operating channel bandwidth and on the EIRP incorporating also the beamforming and antenna gain. 
Proposal 3: Energy detection threshold is determined by XThresh = -80 dBm + 10 log10 (LBT Bandwidth (in MHz)) + 10 log10 (EIRPmax / EIRPout), where EIRPout is the maximum peak EIRP of intended transmissions. 
Proposal 4: Energy detection threshold adjustment can be considered for compensating any difference on the transmission and LBT beamforming gains.   
Short Control Signalling
Short Control Signals (SCS) were discussed during the Study Item on supporting NR from 52.6 GHz to 71 GHz, as captured into the TR 38.808:
	Support contention-exempt short control signalling transmission in 60GHz band for regions where LBT is required 	and short control signaling without LBT is allowed. It should be noted that if regulations do not allow short control 	signaling exemption in a region when operating with LBT, operation with LBT for these short control signals should 	be supported. Restrictions to the transmission, such as, on duty cycle (airtime measured over a relatively long period 	of time), content, TX power, etc. can be discussed when specifications are developed.
As for the definition of Short Control Signals, there has been a recent effort to introduce their support into EN 302 567. In the ETSI BRAN 108 meeting, text as copied below was introduced to the latest draft EN 302 567 v2.2.0 [3]. Short control signalling transmission, as defined by ETSI, are control and management transmission, that are not required to undergo LBT procedure, but can instead be transmitted without channel sensing, as long as the total duration of SCS transmissions over a 100-ms observation interval does not exceed 10%, as the excerpt from EN 302 567 v2.2.0 below shows.
	4.2.6       Short Control Signalling Transmissions
4.2.6.1            Applicability
The present requirement applies to all equipment within the scope of the present document.
4.2.6.2            Definition
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals. 
4.2.6.3            Limits
The use of Short Control Signalling Transmissions is 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. 
4.2.6.4            Conformance
The conformance tests as defined in clause 5.3.8 shall be carried out.



Following observation can be made based on the EN 302 567 :
· SCS allowance of 10% within a 100 ms observation period can be used for various (unspecified) types of control and management transmissions
· SCS transmissions do not need to be periodic, as long as the 10 % allowance within 100 ms period is not exceeded
· multiple SCS transmissions are allowed within the 100 ms observation interval, as long as the 10% limit is not exceeded
· SCS can be transmitted by both gNB, as well as UE(s)
The SCS definition in EN 302 567 is written from a single device (UE or gNB) point of view, i.e. in principle there could be multiple devices operating in a cell, each transmitting control transmissions without LBT for up to 10 % of the time.
[bookmark: _Hlk61703230]Observation 2: EN 302 567, v2.2.0 allows for Short Control Signalling transmissions for up to 10% of time within an observation period of 100 ms.
In the context of NR operation on 60 GHz unlicensed spectrum, there are a few clear candidates for signals and channels that can be considered as short control signalling:
Downlink:
· SS/PBCH blocks 
· PDCCH
· CSI-RS and other reference signals, e.g., for beam management
· SIBs
Uplink:
· HARQ-ACK feedback on either PUCCH or PUSCH
· Scheduling Request
· CSI feedback
· Sounding RS, e.g., for beam management
· RACH related transmissions
It can be further studied exactly which of the DL and UL signals and channels can be transmitted within the short control signalling allowance. Furthermore, especially for the UL transmissions, one needs to consider means for gNB to control that the 10% maximum limit for SCS transmissions of 100 ms observation period is not exceeded. Moreover, it should be discussed if the maximum amount of SCS transmissions in a cell should be limited somehow, in cases where gNB and multiple UEs are all transmitting significant proportion of their transmissions without LBT.
Transmitting selected signals/channels as SCS transmissions is highly attractive as deterministic transmission time of the signals critical control and managements transmissions can be maintained, when the channel access uncertainty is removed. This can simplify the design a lot, as the procedures mitigating the impact of blocked channel access are not needed. Furthermore, there is no need to modify e.g. signal design to facilitate the time gap for LBT measurements, making TDM easier. Therefore, we see that NR design for 60 GHz bands should make most of the short control signaling allowance, such that unnecessary modifications to L1 design can be minimized.
[bookmark: _Hlk61703245]Proposal 5: NR-U design for 60 GHz bands supports transmission of DL and UL control and management signals as short control signalling without LBT. Details are FFS.
LBT bandwidth 
In RAN1 #103-e meeting [11], the following conclusion has been reached about LBT bandwidth 
	Agreement:
Capture the following in the TR:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission)
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
· Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth



When considering the identied LBT bandwidth alternatives, 
· Alt.1 provides a straightforward design for LBT bandwidth. Due to its logical simplicity, it should be considered further. For example, we shall concern and evaluate the coexistence performance for the alternative when different channel bandwidth is considered for coexistence devices.
· In Alt. 2, LBT BW is adapted based on intended transmission. From the point of view of fairness and frequency-division multiplexing, it might in principle be better to align the LBT bandwidths with the channel and transmission bandwidths adopted by different devices (e.g. gNB, UE or WiFi-AP/STA). However, actually achievable benefits from the flexible LBT bandwidth on coexistence still deserves further study. Alt. 2 requires dynamic LBT bandwidth adaptation, which can unnecessarily complicate implementation and limit possible implementation options. We see such unnecessary restrictions as unreasonable. 
· Alt 5: In Rel-16 NR-U, LBT bandwidth is fixed to 20MHz in FR1, which is the minimum supported channel bandwidth for both DL/UL. The channel bandwidth is an integer multiple of the LBT bandwidth. From the point of view of minimizing the standardization effort, it makes sense to take the design of LBT bandwidth in the FR1 as the baseline for that in the 60GHz unlicensed band, i.e., the LBT bandwidth equals to the minimum supported channel bandwidth as addressed in the Alt.5. In Alt. 5, a (wider) channel bandwidth may consist of multiple LBT subbands. In comparison to a single LBT bandwidth for one channel for DL or UL (as in Alt.1), Alt. 5 may be beneficial from channel access perspective, allowing a device to perform a transmission even when the channel is particularly congested. In this case, the LBT can be done per each (sub-)channel and the Rel-16 NR multi-channel operation from the TS37.213 may be used as the reference design. 
· In Alt. 3, LBT bandwidth can be wider than the channel bandwidth. For example, this may considered if one needs to consider coexistence with IEEE 802.11ad/ay when using narrower channel bandwidth. However, performing LBT with a larger bandwidth (e.g. 2 GHz) than channel bandwidth (e.g. 400 MHz) may result in significant complexity in terms of e.g. RF and baseband filtering. 
· In Alt 4, LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel. The wording for this alternative is rather broad, and should be clarified further.
The minimum supported channel bandwidth for operation in 60GHz unlicensed band shall depend on the specific channelization, coexistence requirements and further other considerations. For example, it’s proposed in [12] that in addition to wide channel bandwidth such as ~2 GHz, transmissions with a smaller channel bandwidth, such as 400 MHz shall be supported by the channel access mechanism design to ensure reasonable received signal PSD also in cell edge conditions. The final set of supported channel bandwidths may cause challenges or additional complexities for Alt 5, e.g., if all channel bandwidths are not multiple integer of the minimum supported channel bandwidth. Further, selection of LBT bandwidth should not impose unnecessary restrictions to the design of supported channel bandwidths. Hence, LBT bandwidth design can be finalized only after the basic principles of channelization and supported channel bandwidths are clear.
[bookmark: _Hlk61703255]Proposal 6: The design of LBT bandwidth in FR1 can be considered as the baseline for operation on 60GHz unlicensed band, e.g., the minimum supported channel bandwidth can be considered as the LBT bandwidth. Also use of channel bandwidth as LBT bandwidth can be considered further. However, before making final decisions, the basic principles of channelization (numerology) should be agreed first.
Multi-channel LBT 
For operation in the 52.6-71 GHz band, it is beneficial to support multiple LBT bandwidths to facilitate wideband operation as already supported in Rel-15/16. NR-U at 60 GHz should support multiple LBT channel bandwidths e.g. in the range of 400 MHz to 2.16 GHz, corresponding to different supported channel bandwidths. In RAN1#102-e, it was agreed to use the LBT procedures in draft EN 302 567 v2.1.20 as the baseline for system evaluation. However, multi-channel access procedure is not presently specified for 60GHz unlicensed band in EN 302 567. In any case, it makes sense to consider the multi-channel access procedure in TS 37.213 for Rel-16 NR-U as the baseline solution for operation in 60GHz unlicensed band.  
[bookmark: _Hlk61703265]Proposal 7: The multi-channel LBT mechanism specified in Rel-16 NR-U can be considered as a baseline for operation in 60GHz unlicensed band with necessary enhancement.
Beamforming for LBT 
One of the objectives identified for the WI in RP-202925 is to [1]:
Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
The use of directional transmissions for operation in 60GHz unlicensed band imposes additional challenges related to the beamforming in prospective LBT scheme/schemes.
First, it is not clear if true omnidirectional ED sensing can be performed at 60GHz by a practical single panel/multi-panel gNB. If such operations are challenging, the omnidirectional LBT sensing may refer to either quasi-omnidirectional sensing or wide beam sensing, leading to the following observation:
[bookmark: _Hlk61703327]Observation 3: Clarify the feasibility and possible limitations of the omnidirectional ED sensing (true omni LBT) for prospective gNBs operating in 60 GHz unlicensed band.
Second, the use of omni-directional LBT is “overprotecting” in many deployments, postponing the new transmissions that do not interfere with the ongoing transmissions, as illustrated in Figure 1. In this figure, gNB1 performs an omni LBT in order to start a DL transmission to UE1. When performing this omni LBT, gNB1 detects an ongoing transmission from gNB2 to UE2. According the default LBT procedure, gNB1 should postpone its transmission, even though gNB1-UE1 and gNB2-UE2 directional links do not interfere with each other. Such deferrals lead to throughput and latency issues when operating in 60GHz unlicensed band.
[image: ]
Figure 1. Omni LBT sensing is “overprotecting”. 

Following the concerns presented above, it is proposed to further explore directional LBT for operation in 60GHz unlicensed band.
Regarding directional LBT operation in 60GHz unlicensed band, one of the major issues to clarify is the beamforming for LBT or, particularly, LBT beam width. Here, setting the LBT beam width equal to the transmission beam width (i.e., PDCCH and PDSCH towards a selected UE) leads to the gNB sensing every direction to its UEs individually. Consequently, this would lead the gNB to obtain a separate COT for each beam, which notably complicates the operations with time interlaced transmissions on different beams.
In contrast, when directional LBT sensing is performed for multiple UEs simultaneously (i.e., using a wider LBT beam or more complex LBT beamforming procedures), transmissions in different beams can be time domain multiplexed in the same COT. Correspondingly, it was agreed in RAN1#103e that TDM of DL/UL in different beams in the same COT is supported [11]. 
However, the exact beamforming operations are subject to the details of the transceiver and antenna array system utilized at the gNB that may vary a lot between different vendors. The LBT beamforming operations may also vary from a COT to COT depending on the UEs scheduled to be served during the COT.
Therefore, it is proposed to leave the selection of the beam width for the directional LBT to a specific implementation, if the relevant region and deployment specific requirements (i.e. ETSI EN 302 567) are fulfilled. Additional, generic requirements can be considered, e.g., that the beam(s) used in the LBT contain the transmission direction(s) intended to be used during the COT.
[bookmark: _Hlk61703310]Proposal 8: Leave the choice of the beam width for the directional LBT operation to the vendor-specific implementations. Vendors can use different beamforming techniques for their LBT procedures, as long as global or region and deployment specific requirements (i.e., ETSI EN 302 567) are fulfilled.
[bookmark: _Hlk61867003]Observation 4: Generic requirements may be considered, e.g., that the beam(s) used in the LBT contain the transmission direction(s) intended to be used during the COT.
When gNB acquires channel access for multiple transmission beams to be served in the same COT, gNB may use a wider LBT beam that covers the spatial (main lobe) directions of the intended transmission beams. Alternative, gNB may use the transmission beams during the LBT, i.e., LBT is performed by using multiple beams for sensing. Especially in the case of analog beamforming, a question to be addressed is how the CCAs for different beams are carried out in time. Some alternatives illustrated in Figure 2 are:
· gNB carries out separate CCA check procedure for each beam with independent back-off values. Once the CCA check procedure is completed, gNB enters self-deferral until the CCA check procedure for other beams is completed. The CCA check procedures can be time multiplexed as blocks or interlaced in time, as shown in Figure 2a and 2b, respectively.
· gNB carries out single CCA check procedure during which each beam is sensed as shown in Figure 2c. It may be determined that each beam is sensed at least N times (gNB may increase drawn back-off value to meet the requirement.). 
The point of random back-off is to randomize the channel access times of multiple contending devices after a channel becomes vacant. Multiple beam-specific CCA check procedures would mean in practice that the gNB experiences a longer back-off given by the sum of the individual random back-off values. This would at least increase the LBT overhead. In the case that gNB would actually experience channel contention, it would also reduce the gNB’s probability to gain channel access on all scheduled beams. On other hand, single occupied beam would not prevent gNB to obtain channel access on the other beams. The benefits and drawbacks for a single CCA check procedure over all beams are basically the opposite. Based on the above, it is clear that the details of CCA check procedure needs to be considered for the case when the gNB uses multiple beams for channel sensing during the LBT.          
[bookmark: _Hlk61703359]Observation 5: CCA check procedure details need to be considered when gNB uses multiple beams for channel sensing during the LBT.          
[image: ]
Figure 2. CCA check procedures for gNB using 2 LBT beams: separate CCA check procedure for each beam multiplexed in blocks in time (Fig 2a) or interlaced (Fig 2b), single CCA check procedure during which beams are sensed (Fig 2c), and single wide LBT beam covering both transmit beams (Fig 2d).     
Channel access within COT 
First we focus on the LBT requirements for a responding device within gNB initiated COT. In TR38.808 [2], it is said that time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported when LBT mode is used. On the responding device LBT requirements, it is said in the TR38.808 that:
When LBT mode is used, it can be further discussed when specifications are developed if a responding device should use a Cat 2 LBT to share the COT, and if yes, how to define the Cat 2 LBT and if a maximum gap is to be introduced between the initiating device and responding device transmissions.
In Rel-16 NR-U, both Cat-1 (i.e. no LBT) and Cat-2 channel access are supported for the responding device. Channel access without LBT is supported for responding device also in EN 302 567, where LBT procedure contains step [3]: 
	An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.
Correspondingly, we propose that channel access without LBT is supported for UE responding within a gNB initiated shared COT also on 60 GHz band. 
The next question is whether a maximum allowed time gap is introduced. In Rel-16 NR-U, Cat-1 channel access is allowed when the time gap between the initiating device and responding device transmissions is at most 16 us. That presents significant restrictions for the use of Cat-1 channel access: Cat-1 channel access cannot be used for PUSCH or for PDSCH HARQ-ACK unless there are some other transmissions between the UL grant or the PDSCH because of the time required for UE processing. At 60 GHz band, the benefits from the transmitter LBT are rather unclear. We do not see reasonable to impose a maximum time gap for Cat-1 channel access that complicates and restricts the use of it, for benefits that might not exist. Hence, the allowed time gap should at least be longer that PDSCH processing time and PUSCH preparation time. In the case of 120 kHz SCS, the PUSCH preparation time is 36 symbols or roughly 320 us. On other hand, e.g. PUSCH can be scheduled with a considerable delay, so it may make sense to set an upper limit for the duration of the time gap.      
[bookmark: _Hlk61703404]Proposal 9: Channel access without channel sensing is supported for a UE responding to a DL transmission within a gNB initiated COT after a time gap of at most X us.
Proposal 10: Time gap of X us is longer that PDSCH processing time and PUSCH preparation time.
Implementation of LBT procedure can have considerable impact on UE, especially if Rel-16 NR-U is not supported by the UE. With the use of short control signalling and Cat-1 channel access, UEs without LBT can be supported from the channel access viewpoint. However, gNB should be aware of that so that gNB uses only Cat-1 channel access when scheduling UE.   
Proposal 11: UEs without LBT functionality are also supported.
Next we focus on the LBT requirements related to beam switching within gNB initiated COT. In TR38.808 [2], it is stated:
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT considerations are not excluded:
-	no additional LBT requirement defined and leave the LBT behaviour for implementation,
-	perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT, 
-	perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.
[bookmark: _Hlk53665397]The gNB needs to frequently serve multiple directions in a single COT in a time multiplexed manner due to use of analog or hybrid beamforming. Transmissions on different beams are also heavily interleaved in time. For example, gNB may transmit UL grant for a first UE, and while the UE is preparing the PUSCH, gNB may transmit a DL assignment and PDSCH for a second UE, receive CSI from a third UE, and then receive PUSCH from the first UE, receive HARQ-ACK from the second UE, etc. Cat-2 LBT prior to every change of Tx beam, possibly consuming 1-5 symbol durations depending on subcarrier spacing, would induce considerable overhead. 
More efficient operation is achieved when gNB senses the channel on directions corresponding to the Tx beams to be used within channel occupancy at the beginning of COT. Obviously, there are periods within the channel occupancy when gNB is not transmitting on a certain beam, and the channel may appear temporarily vacant in that direction. However, the situation appears rather similar when the silent period on a beam is caused by the gNB transmitting on a different beam or by the gNB receiving UL transmission in a shared COT. This is illustrated in Figures 3 and 4 presenting possible gNB transmissions on a shared COT. Figure 3 presents a case where the shared COT contains transmissions on single beam while Figure 4 presents a case for transmissions over 3 beams. In both cases there are pauses in gNB transmissions on a beam considered.     
[bookmark: _Hlk53665459]On other hand, it does not appear as reasonable channel sensing behaviour if gNB senses a beam at the beginning of a COT and starts to transmit in it e.g. after 3 ms without any further channel sensing. Hence, 
· to facilitate fast and efficient operation on multiple beams, gNB does not need to sense the channel after a beam switch when the time gap to previous channel sensing or transmission covering the beam is short enough, e.g. less than Y us.
· when the time gap without channel sensing or transmission covering the beam is long enough, gNB needs to perform Cat-2 LBT before continuing transmissions on the beam.
[bookmark: _Hlk61703433]Proposal 12: Within a COT, gNB does not need to sense the channel after a beam switch when the time gap to previous channel sensing or transmission covering the beam is less than Y us. The value of Y is for further study. 
[image: ]
Figure 3. gNB transmissions on a beam during a shared COT. 
[image: ]
Figure 4. gNB transmissions on 3 beams during a shared COT
Receiver assistance in channel access
Receiver assistance for channel access in 52.6GHz–71 GHz
In TR38.808, it is stated that [2]:
[bookmark: _Hlk60917362]Also, the following receiver assisted channel access schemes have been considered, and considering the system performance and complexity tradeoff, these schemes will not be further investigated in Rel-17
-	Class B) Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes.
-	In this case, cross RAT coexistence is based on ED.
-	Class B1) Intra-operator only.
-	Class B2) Also including inter-operator signalling.
-	In this case, cross operator coexistence is based on ED.
-	Class C) Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT.
Therefore, the Work Item studies only Class A receiver assistance, as defined in TR38.808 [2]:
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.
Further considerations and development of the agreements related to the possible receiver assistance are presented below.
Ideal LBT would defer a transmission when the intended receiver is considerably interfered by an on-going transmission, or when the transmission would considerably interfere the reception of already on-going transmission. The basic approximation of transmitter ED-LBT is that channel energy measured on the transmitter is highly correlated with the channel energy at the receiver. While this is a reasonable approximation with omni-directional antennas, the measured channel energy may be very different at transmitter and receiver with beam-based operation. 
Receiver assisted LBT could incorporate receiver measurements into LBT procedure at the price of additional delay and complexity, which can be considerable with the very high data rate devices to be used on 60 GHz band. On other hand, only mechanism(s) providing considerable improvement on the achievable performance/fairness trade-off with reasonable implementation efforts should be supported in our view. Hence, anynew standardized Rx assisted channel access mechanism should provide considerable benefits over the existing mechanisms in a reasonable range of different situations and with realistic UE feedback delays.
[bookmark: _Hlk61703459]Observation 6: Considerable benefits from new Rx assistance schemes should be shown in a reasonable range of different situations and with realistic UE feedback delays given the considerable implementation effort involved.
Receiver assistance vs. Receiver-side sensing or LBT 
When considering receiver assistance in this WI, it is important to separate the types of possible receiver assistance.
The first possible type of receiver assistance in NR is related to reproducing the RTS-CTS functionality, where the UE first receives a request-to-send from the gNB and then replies with the clear-to-send. This CTS can be sensed by other nodes in proximity that will defer their transmissions accordingly.
This type of receiver assistance refers to Class C LBT and, according to TR 38.808 [2], will not be further investigated in Rel-17.
The second possible type of receiver assistance is related to exploiting additional sensing procedures at the UE side, such as ED sensing or a variant of a receiver-side LBT.
This type of receiver assistance refers to Class A LBT but introduces extra complexity and overheads in the UE design and operation.
The third possible type of receiver assistance is to report updates to the gNB side (e.g., during the transmission), reusing the existing layer 1 and layer 3 measurements and/or existing signalling.
This type of receiver assistance refers to Class A LBT and does not introduce additional complexity and overheads in the UE design and operation.
Existing NR UEs already have a rich and sophisticated capabilities and signalling supported to report QoS-related characteristics to the gNB. Regarding the possible receiver assistance for channel access, it is important to note that the existing UE functionalities can be reused for this purpose and form a natural reference for any new receiver assistance schemes.
[bookmark: _Hlk61703495]Observation 7: Receiver assistance for channel access is already supported with existing layer 1 and layer 3 measurements and reports.
Alternatives for a Rx assistance that is tightly incorporated to LBT procedure with tight processing time requirements (for reducing the waste of channel access time due to the handshaking procedure before actual data transmissions) are worth considering: 
· Rx assistance could be configured only to the UEs that are rather frequently detecting high interference. This way the drawbacks from Rx assistance would be limited only to the situations where Rx assistance can provide further information on channel occupancy, hence improving coexistence. Further, gNB could proceed with transmissions towards other UEs (not providing Rx assistance) while waiting for Rx assistance from the UE in challenging location. 
· It should be considered that Rx assistance is provided with UE processing times corresponding to PDSCH processing time or CSI computation time. Meanwhile gNB may be allowed to transmit e.g. limited amount of PDSCHs to the UE, while Rx assistance information is pending.
· One significant limitation of Rx assistance being tightly incorporated to LBT procedure is that it fails to detect channel access collisions that start later during the COT. Given the long duration of maximum COT in relation to slot duration, and alternating DL and UL transmissions within COT, it could be beneficial that UE provides Rx assistance on channel conditions periodically throughout the COT, e.g., as part of periodic or aperiodic CSI reporting.      
[bookmark: _Hlk61866141]Proposal 13: Any Rx assistance scheme should be configurable per UE, so that it could be used only with UEs frequently detecting high interference.
Proposal 14: For any new Rx assistance schemes, UE processing time similar to PDSCH processing time (N1) or CSI computation time (N2/Z1Z2) should be considered when providing Rx assistance.
Proposal 15: Rx assistance should not be limited to the beginning of COT only.
Channel access without LBT 
60 GHz unlicensed band can be used for a wide variety of NR use cases, some of which, e.g. relaying and IAB backhaul, are relevant for scenarios where transmissions are highly directional. In such scenarios, the need for and benefits from LBT are unclear. However, LBT procedure can have considerable implementation impact for the very high data rate devices to be used on 60 GHz band. Correspondingly, it is stated in WID [1] that channel access mechanism without LBT is supported:
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
As LBT procedure involves considerable implementation impact, the mechanism without LBT should cause only limited additional implementation efforts. Hence it is reasonable that additional sensing mechanisms are not required as also stated by the WID.
The variety of relevant use cases may be seen also in ETSI BRAN work. In addition to the work item on harmonized standard EN 302 567 [3] covering the requirements of at least c1, ETSI BRAN has an ongoing work item developing harmonized standard EN 303 722 for fixed network equipment according to the requirements of at least c3. A new work item for a new harmonized standard (EN 303 753) to cover devices not in scope of the other two standards was adopted by BRAN in July 2020 [5], and the intended harmonized standard is likely suitable for 3GPP NR-U systems. Work on EN 303 753 is expected to continue until late 2021, and the decisions on coexistence mechanisms would take into account latest developments in 3GPP and other relevant SDOs. We see that channel access mechanism without LBT should fulfil the expected requirements of EN 303 722 but also possibly EN 303 753.
[bookmark: _Hlk61703620]Observation 8: Channel access mechanism without LBT should fulfil the expected requirements of EN 303 722 but also possibly EN 303 753.
In the following, we discuss candidate coexistence mechanisms, namely, automatic transmit power control (ATPC), and automatic link adaptation (LA). Firstly, we briefly consider the impact of beamforming on interference and coexistence.
Beamforming impact
Beamforming impacts significantly interference as well as co-channel coexistence. Narrow beams or large antenna gain will limit the transmitted signal to a certain direction (from the transmitter). If EIRP is kept constant, the spatial area interfered by a transmitted signal is reduced with more narrow beams. Additionally, narrow Rx beams can suppress interference coming from directions outside the Rx beam. 
In [6] we have presented simulation results for single and two operators in the Scenario Indoor-A [7]. Both full load and half-load cases were evaluated. The offered load as well as the number of served UEs was doubled on the indoor office area when the second network was introduced. Nevertheless, drop in mean throughput remained below 30% for DL and below 40% for UL. 30% to 60% throughput losses were observed at 5%ile cell edge. The results show that beamforming alone without LBT, even with a modest number of antenna elements, can provide enough spatial separation for efficient coexistence of two networks. Hence when beamforming is used, simultaneous use of LBT is not necessary.
In [8] we have provided simulation results for single and two operators in both Indoor and Outdoor scenarios. Conclusions of these simulations are very similar to the previous paragraph. BRAN has discussed the coexistence for EN 303 753 based on the beamforming as the primary mechanism and will continue the discussion in next meetings. 
It would be useful to have possibility to implement NR-U UE without mandatory LBT support. In this case the channel access could be based on beamforming. Beamforming gain for a typical UE is lower than for a typical base station and hence UE requirements for channel access could be different. Possibly lower beamforming requirements could be tied e.g. to use of some other limitation e.g. lower EIRP, limited duty cycle or limited response time for base station transmissions.
Automatic transmit power control and automatic link adaptation
The coexistence mechanisms in EN 303 722 are still under discussion but will include automatic transmit power control and automatic link adaptation.  
Automatic transmit power control is considered as effective and cost-efficient coexistence mechanism in [9]. In [9], ATPC is described as a mechanism adjusting the transmit power to the minimum power that is necessary to operate the link with the desired performance. ATPC requires feedback from the receiver but does not involve additional measurements on channel occupancy. The existing NR uplink power control can be seen to provide desired ATPC also from the coexistence viewpoint. However, there are several open issues related to ATPC on downlink, such as, which DL signals and channels the ATPC should be applied to, how dynamic should DL ATPC be and how much changes to NR standards are needed. Power control range in EN 303 722 specification draft seems to be settling to minimum of 3dB. [10]
Automatic link adaptation aims to maximize the link throughput by adjusting the modulation and coding scheme according to the channel conditions. This aims for efficient use of spectrum, hence reducing the transmission time for a certain amount of data. Correspondingly, link adaptation facilitates spectrum sharing. Again, there are several open issues related to possible EN 303 722 requirements for link adaptation and, correspondingly, whether any changes are needed to NR standards. Proposed requirements in EN 303 722 specification draft are 10% reduction in duty cycle for a given amount of payload or 3dB reduction in power. [10]
[bookmark: _Hlk61703642]Observation 9: NR for 60 GHz band shall be able to fulfil the EN 303 722 requirements for spectrum sharing based on automatic transmit power control and/or automatic link adaptation. Needed specification changes, if any, are to be considered along with EN 303 722 progress. 
Determination of channel access mode
Related to the RAN1#102 agreement on supporting multiple channel access mechanisms, need for further study on the mechanism and condition(s) to switch between channel access with LBT and channel access without LBT was identified.
There are scenarios relevant for 60 GHz band, e.g. relaying or IAB backhaul, where transmissions are highly directional and system is not benefiting from LBT [9]. There is no motivation to implement LBT channel access mechanism for such equipment. There can be also cells in environments or cells with gNB and/or UE transmissions directional enough to provide sufficient spatial separation for efficient coexistence. On other hand, cell may also be located indoors together with closely located another network or radio access technology, calling for the use of LBT. 
Also the simulation results discussed in the beamforming section show that in most cases, beamforming performs well as channel access method. However, there are some cases where especially cell edge UEs are suffering some loss due to coexistence. In this case issue could be possibly mitigated by using another channel access method to help with coexistence, such as LBT. Hence, some configurability of channel access methods would be useful. Configuring LBT on in such a case may mean LBT is used only in gNB and UEs access medium only within shared COT.
For each region, deployment type (e.g. indoor/outdoor) and device type (e.g. fixed network equipment or not), the regulations and related standards give the “minimum level” of channel access methods, i.e. if LBT is mandatory in regulation related standard then it cannot be switched off. But in case LBT is not mandatory it can still be enabled if there is some benefit seen, e.g. it is assumed to increase cell capacity.
In order to get high enough isolation to use beamforming as channel access method, high enough beamforming gain is needed. If beamforming gain of the device is not high enough then the device have to use another method for channel access. It is assumed that EN 303 753 will set minimum requirements for the beamforming gain, however since the work is ongoing there is no certainty how will the requirements be. In any case as long as the beamforming gain does not change for the device there is no need to be able to configure channel access method for this reason. On the other hand it could be possible e.g. to switch some of the base station antenna elements off to save power in case of low load. In such case there could be a need to change the channel access method of the cell.
Hence, we see that the channel access mechanism can be configured per cell.
[bookmark: _Hlk61703672]Proposal 16: Channel access mechanism (i.e. whether or not LBT is in use) is part of the cell configuration. 
However. the preferred channel access mechanism is not necessarily always clear, static or even the same for all beams. The cell may be sufficiently isolated for most of the time, but occasionally devices connected to another access point or network may appear on some of the beams, causing a coexistence situation identified e.g. by regular measurements. In such situations, it is not attractive to employ LBT all the time. Instead, more dynamic selection of channel access mechanism at gNB, e.g. per beam, can be beneficial, as the use of LBT can be limited to situations where it provides benefits. 
[bookmark: _Hlk61866219][bookmark: _Hlk61703683]Proposal 17: Flexible selection of channel access mechanism (LBT or no-LBT) per gNB beam is considered further.
Conclusion
In this contribution, we considered both LBT and no-LBT channel access mechanisms for NR on 60 GHz unlicensed band. We made following observations and proposals: 
Transmitter LBT procedure
Proposal 1: LBT procedure uses fixed contention window size for random back-off. The size of the fixed contention window is FFS.  
Proposal 2: Reduced number of CAPCs can be considered for the LBT procedure for 60 GHz band. Support for CAPCs is considered together with the design of short control signalling.   
Observation 1: Energy detection threshold of EN 302 567 depends on the operating channel bandwidth and on the EIRP incorporating also the beamforming and antenna gain. 
Proposal 3: Energy detection threshold is determined by XThresh = -80 dBm + 10 log10 (LBT Bandwidth (in MHz)) + 10 log10 (EIRPmax / EIRPout), where EIRPout is the maximum peak EIRP of intended transmissions. 
Proposal 4: Energy detection threshold adjustment can be considered for compensating any difference on the transmission and LBT beamforming gains.   
Observation 2: EN 302 567, v2.2.0 allows for Short Control Signalling transmissions for up to 10% of time within an observation period of 100 ms.
Proposal 5: NR-U design for 60 GHz bands supports transmission of DL and UL control and management signals as short control signalling without LBT. Details are FFS.
Proposal 6: The design of LBT bandwidth in FR1 can be considered as the baseline for operation on 60GHz unlicensed band, e.g., the minimum supported channel bandwidth can be considered as the LBT bandwidth. Also use of channel bandwidth as LBT bandwidth can be considered further. However, before making final decisions, the basic principles of channelization (numerology) should be agreed first.
Proposal 7: The multi-channel LBT mechanism specified in Rel-16 NR-U can be considered as a baseline for operation in 60GHz unlicensed band with necessary enhancement.
Beamforming for LBT
Observation 3: Clarify the feasibility and possible limitations of the omnidirectional ED sensing (true omni LBT) for prospective gNBs operating in 60 GHz unlicensed band.
Proposal 8: Leave the choice of the beam width for the directional LBT operation to the vendor-specific implementations. Vendors can use different beamforming techniques for their LBT procedures, as long as global or region and deployment specific requirements (i.e., ETSI EN 302 567) are fulfilled.
Observation 4: Generic requirements may be considered, e.g., that the beam(s) used in the LBT contain the transmission direction(s) intended to be used during the COT.
Observation 5: CCA check procedure details need to be considered when gNB uses multiple beams for channel sensing during the LBT.          
Channel access within LBT
Proposal 9: Channel access without channel sensing is supported for a UE responding to a DL transmission within a gNB initiated COT after a time gap of at most X us.
Proposal 10: Time gap of X us is longer that PDSCH processing time and PUSCH preparation time.
Proposal 11: UEs without LBT functionality are also supported.
Proposal 12: Within a COT, gNB does not need to sense the channel after a beam switch when the time gap to previous channel sensing or transmission covering the beam is less than Y us. The value of Y is for further study. 
Receiver assistance in channel access
Observation 6: Considerable benefits from new Rx assistance schemes should be shown in a reasonable range of different situations and with realistic UE feedback delays given the considerable implementation effort involved.
Observation 7: Receiver assistance for channel access is already supported with existing layer 1 and layer 3 measurements and reports.
Proposal 13: Any Rx assistance scheme should be configurable per UE, so that it could be used only with UEs frequently detecting high interference.
Proposal 14: For any new Rx assistance schemes, UE processing time similar to PDSCH processing time (N1) or CSI computation time (N2/Z1Z2) should be considered when providing Rx assistance.
Proposal 15: Rx assistance should not be limited to the beginning of COT only.
Channel access without LBT
Observation 8: Channel access mechanism without LBT should fulfil the expected requirements of EN 303 722 but also possibly EN 303 753.
Observation 9: NR for 60 GHz band shall be able to fulfil the EN 303 722 requirements for spectrum sharing based on automatic transmit power control and/or automatic link adaptation. Needed specification changes, if any, are to be considered along with EN 303 722 progress. 
Proposal 16: Channel access mechanism (i.e. whether or not LBT is in use) is part of the cell configuration. 
Proposal 17: Flexible selection of channel access mechanism (LBT or no-LBT) per gNB beam is considered further.
References
[1] [bookmark: _Ref60037183]RP-202925, “Revised WID: Study on supporting NR from 52.6GHz to 71 GHz”, CMCC 
[2] TR 38.808, “Study on supporting NR from 52.6GHz to 71 GHz", 3GPP 
[3] EN 302 567 v2.2.0, "Multiple-Gigabit/s radio equipment operating in the 60 GHz band; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU", ETSI
[4] TR 36.889, “Study on Licensed-Assisted Access to Unlicensed Spectrum", 3GPP 
[5] BRAN(20)106003r4, “Wideband Data Transmission Systems (WDTS) for Mobile and Fixed Radio Equipment operating in the 57 - 71 GHz band; Harmonised Standard for access to radio spectrum”
[6] R1-2006909, “Simulation Results for NR from 52.6 GHz to 71 GHz”, Nokia, Nokia Shanghai Bell
[7] R1-2005193, “Summary #3 of email discussions for [101-e-Post-NR-52_71_GHz]”, Intel
[8] BRAN(20)108042, “60GHz beamforming coexistence”, Nokia
[9] ECC Report 288, “Conditions for the coexistence between Fixed Service and other envisaged outdoor uses/applications in the 57-66 GHz range”, CEPT
[10] EN 303 722 v0.0.6, “Wideband Data Transmission System (WDTS) for Fixed Network Radio Equipment operating in the 57 - 71 GHz band; Harmonised Standard for access to radio spectrum”, ETSI
[11] “Draft Report of 3GPP TSG RAN WG1 #103-e v0.2.0”, 3GPP
[12] R1-2009312, “Design of NR channel access mechanisms for 60 GHz unlicensed band”, Nokia, Nokia Shanghai Bell

image1.png
No interference
Omni LBT: “busy”
False positive error





image2.emf
LBT beam #1 

LBT beam #2

LBT beam #1 

LBT beam #2

LBT beam #1 

LBT beam #2

Wide LBT beam

COT

...

...

...

...

Self-

deferral

Back-off

of M CCAs

Back-off

of N CCAs

Single 

CCA

a)

COT

...

...

Back-offof M+N CCAs

b)

COT

...

...

Back-offof 

M CCAs

c)

COT

...

Back-offof 

M CCAs

d)


image3.emf
Beam #1 gNB

PDCCH&PDSCH Tx PUSCH Rx PUSCH Rx  PDCCH&PDSCH Tx

Gapon gNB transmission on beam#1 


image4.emf
Beam #1 gNB

PDCCH&PDSCH Tx PDCCH&PDSCH Tx

 

 

Beam #2 gNB

PDCCH&PDSCH Tx

 

 

Beam #3 gNB

PUSCH Rx

PUCCH Rx

Gapon gNB transmission on beam#1 


