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Introduction: Work Item agreements
The revised WID for 52.6 GHz to 71 GHz, agreed as part of RAN-90e [1] specifies the components that may need to be specified for the channel access aspects of the work item.
· 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.
· 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 

In this paper we discuss a collection of potential design enhancements based on the above guidelines. 
Regulation update for baseline LBT procedure 
As identified in the WID, for LBT mode channel access mechanism specified in ETSI EN302567 is taken as a baseline procedure.   In the updated draft version of the regulations EN 302567, a few aspects relevant to channel access have been updated [2].
· The draft regulation now defines a bandwidth dependent energy detection threshold for CCA  
· “..-80 dBm +10*1log10(Operating Channel Bandwidth in MHz))+10*log10(Pmax/Pout)  with 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..” 
· The draft regulation also explicitly includes provision for Short Control Signaling Transmission, defined as management and control frames. The Short Control Signaling Transmission can be sent without sensing the channel provided its duration is less than 10ms in any observation period of 100ms.

The implication of the updated threshold determination is that the ED threshold to be used varies with the power spectral density of the EIRP of transmitter. For example, a 400 MHz and 100 MHz deployments with 40 dBm EIRP will use a backoff threshold of -54 dBm and -60dBm respectively. The new regulation encourages spreading the transmission over larger bandwidths.  
[bookmark: P1]Proposal 1: Modify the baseline procedure for the WID LBT mode to include dependency of the energy detection threshold on the operating channel bandwidth.
One open aspect for decision in the work item is whether a notion of ‘LBT bandwidth’ analogous to Rel 16 Sub 6 NR-U operation is needed in the 52-71GHz band. As it is evident, there is need for flexibility in channelization, and a wide variation in the possible channel bandwidth for deployment in in the higher bands, a common notion of LBT bandwidth is harder to reach. The updated definition of energy detection threshold as a function of operating channel bandwidth provides ample clarification for the sensing requirements. We recommend that a notion of LBT bandwidth is not needed. 
[bookmark: P2]Proposal 2: It is not necessary to define a fixed ‘LBT bandwidth’ as a fundamental sensing unit (like the 20MHz LBT bandwidth in FR1). 
[bookmark: P1_BW]Among the implication of inclusion of short control signalling exemption from LBT is the usefulness for respecting processing timelines for HARQ and for Rx Assistance in Multi-Beam and Multi UE channel access.
[bookmark: P3]Proposal 3: The short control signaling exemption should be considered for designing LBT procedures.  
Sensing Structures for LBT operation 
Timing vs Accuracy tradeoffs in sensing 
As in Release 16 Unlicensed spectrum operation uses a fixed LBT bandwidth of 20 MHz for sensing. Further, (1) for each observation (contention) slot of 9 us, it places a requirement of minimum 4us of energy measurement, anywhere within the observation slot and for a 16us deferral period, the requirement is to perform at least 5us energy sensing with at least 4 us measurements done in last 9 us.  The requirement of sensing for LBT in 60GHz band uses a contention slot duration of 5 us and a deferral period of 8 us. As the result of a sensing in an observation interval may result in a transmission, the sensing requirement in the slot must account for Sensing to Transmission turnaround time, which is close in spirit to sensing to transmission switching time.  Similarly, for deferral period of 8 us, a sensing requirement should provide robust performance when contending with asynchronous nodes that is making an decisions based on a 5 us contention slot.  Following straightforward observations can be made.
[bookmark: O1]Observation 1: The sensing requirement on a 5us LBT contention slot must account for sensing to transmission switching time. 
[bookmark: O2]Observation 2: For the deferral period of 8 us, the sensing requirement should include some sensing in the last 5us. 
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Figure 1. Possible Sensing Structures for LBT observation slots of 5 us  (Top) and initial deferral of 8us (middle and bottom)
Further, analogous to a deferral period in Sub 6 gHz unlicensed operation, a sensing structure with two looks – two sensing measurements, one ensuring capture of energy in the initial part of the deferral and the second ensuring capture of energy in the last 5us of the deferral period can be envisioned. Figure 1 depicts a few candidate sensing structures for an observation slot of 5 us and initial deferral period of 8 us.

[bookmark: P4]Proposal 4:  Study the minimum measurement duration required in the 5 us observation slot. 
[bookmark: P5]Proposal 5:  Perform two measurements within a 8us deferral period. Study the locations and durations of the two measurements. 
Cat 2 / Type 2 LBT 	
Although the baseline regulation procedure does not require it, there are several benefits of considering defining a one-shot (Cat 2, Type 2A, 2B for Rel 16) LBT sensing. 
As part of the eCCA procedure, sensing requirements for a 5us slot and a 8 us deferral period are already needed to be identified. It is relatively straightforward to adopt them to define a Cat 2 LBT procedure.
Receiver assistance has been identified as a key performance enhancement technique when the deployment requires LBT (see section 5).  In addition to standard measurements and reports available to NR, such as L1-RSRP/ L1-SINR and CSI, a one-shot LBT and consequence presence or absence of transmission can provide a much quicker feedback on the conditions at the receiver.
[bookmark: P6]Proposal 6:  Consider specifying Type 2 LBT sensing structure similar to an observation slot in the baseline LBT procedure.
[bookmark: P7]Proposal 7:  Consider specifying optional/configurable use of Type 2 LBT in channel access procedure. 
Mismatched and Directional Sensing 	
Considerations for Directional Sensing
The goal of channel sensing for medium access in a shared spectrum channel is two-fold:
Protect the on-going transmissions from being interfered by the intended transmission
Protect the intended transmission from being interfered by the on-going transmission
Given the (1) high directionality of transmissions at the transmitter and (2) high directionality of receiver, sensing for channel access in FR2x therefore, cannot be decoupled from directionality and the transmission / reception roles of the node in the ensuing transaction.
Sensing based channel access procedures are implicitly based on an ‘interference-reciprocity’ assumption, i.e. a node expected to cause more interference should back-off/silence more. In highly beamformed systems such as FR2x unlicensed is expected to be, the relationship between a sensing operation and beamformed transmission at a node can be discussed in terms of its ‘interference footprint’ -which roughly identifies the locations affected by the intended transmission, and its ‘sensing footprint’ – which identifies the set of locations that channel sensing can pick up interference from. 
[image: ]
[bookmark: _Ref61885388]Figure 2. The interference footprint of transmission from contending node N and the (omnidirectional) sensing footprints at thresholds T1 and T2  for the sensing unit at node N.
As indicated in Figure 2, an omnidirectional sensing footprint at any threshold may mismatch with the interference footprint of highly beamformed directional transmission. This can contribute to (1) interference e.g. the victim device in the interference footprint but not in sensing footprint under threshold T1 (2) over-silencing e.g. the aggressor device not in the interference footprint but in the sensing footprint under threshold T2. 
It is important to study an appropriate relationship between the sensing beam, sensing threshold and the ensuing transmission beams.  
Directional sensing, by definition, suppresses energy sensed from certain directions and perhaps amplifies energy sensed from some other directions, relative to an idealized reference sensing unit (e.g. omni).  
Criterion A: A sensing procedure with directional sensing should be designed such that, in the directions where Transmit EIRP is high, an interference that is able to silence the transmitter under reference-sensing should be able to do so under directional sensing.  
Let  denote the energy detection threshold applicable to the use of reference sensing unit (i.e. as applied under the ETSI regulation in Section 2). We argue that under sensible conditions, the criterion for a directional sensing procedure involves an adjustment to energy detection threshold. Let     denote the new ED threshold.   
Further, let , denote the set of directions of interest for transmission and higher interference footprint. is determined by the intended transmission beam or beams (i.e. ). 
Let S(θ) denote the relative directionality of sensing (beamforming + antenna assembly gain relative to reference sensing), as function of direction θ.
Consider an interfereree (victim tx-rx ) that is present in the interference footprint  , that is able to silence the transmitter under reference sensing under the regulation criteria.  Let   and  denote the sensed energies under reference sensing and directional sensing. Then under criterion A: we must have whenever    .
But we have . Therefore, this must be true only if  for any . 
Therefore, we get the relationship, 


Alternatively, the adjustment to the threshold should satisfy 
The above equation simply supplies an upper bound on the ED adjustment to not exceed the directionality of the sensing unit. The implication of the above relationship is that, if the sensing unit suppresses energy in the direction of high interference footprint then the energy detection threshold should reduce, in accordance with intuition. For practical considerations, the criteria such as ‘for all angles’ can be replaced with percentile criteria.
[bookmark: P8]Proposal 8:  Consider the use of antenna gain of sensing beam and transmission beam to determine the suitability of using a given sensing beam in conjunction with a transmission beam.
The directionality of sensing beam should be accounted for only in the directions of intended transmission i.e., within X dB of the peak EIRP.   
Note that the proposed incorporation of directional sensing aspects is intended to work in full compatibility with the ETSI regulation. Any adjustment to the procedure would only be designed either meeting or exceeding the requirements. 
Directional Sensing for Multi-beam COT	
The sensing beam shape and gain may be different from the eventually used transmit beam’s gain and directivity. For example, this can prominently happen in the following use cases depicted in Figure X:
· A gNB contends and senses the medium using a sensing beam B0, and on winning the medium under the channel access procedure, transmits a group of SSBs, each beamformed by a separate beam Bi , that cannot necessarily  be assumed to be QCL with respect to each other. (Figure 3: left)
· A gNB wins the medium using channel access procedure with a sensing beam B0, and goes to serve multiple users in the same COT, using separate non-QCL beams Bi. (Figure 3: right)
[image: ][image: ]
[bookmark: _Ref61885451]Figure 3. Need to define appropriate directional sensing. Sensing for a known sequence of SSB transmissions (left) or for a dynamic sequence of data transmissions to different UEs (right).
The distinction of QCL versus not-QCL may not be suitable for sensing beam and transmission relationship, which may instead be more amenable to a ‘soft’ quantification as opposed to a binary criterion.  In order to capture this in a more natural way, we could consider the use antenna gain as a possible metric to assess suitability of using sensing beam A in conjunction with transmission beam B, for example. In particular, a wider beam sensing may pick up less energy along the direction of eventual transmission using a narrow beam. This should likely be reflected the energy detection threshold used with wider beam sensing as opposed to narrow beam sensing for an ensuing narrow beam transmission. For instance, a wider beam sensing with narrow beam transmission should use a lower energy detection threshold compared to a narrow beam sensing for the same narrow beam transmission. This is in line with the discussion for single beam transmission and sensing, done in previous section.
[bookmark: P9]Proposal 9:  For multi-beam COT, the sensing beam used at the start of the COT should represent the union of directions covered by the intended transmission beams. 
When transmit beams change within a COT, the interference footprint changes. Instead of separately contending for the channel for each beam, it is conceivable to perform a short sensing procedure before every beam switch. A Type 2/CAT 2 LBT observation slot, if defined can further facilitate this type of design.
[image: ]
Figure 4 Multi-Beam COT with optional LBT sensing before every beam switch. The energy detection criterion for the sensing done at the start of the COT can be relaxed when sensing before beam-switch is additionally carried out.
[bookmark: P10]Proposal 10:  Consider the use of additional per-beam sensing before switching transmission beams for a COT 
Rx-Assistance via sensing/CCA 	
A key question for Rx-Assistance for LBT is whether the Rx-Assistance information is obtained by NR measurements or via sensing on the receiver side.  We believe there are a few advantages of introducing a procedure that includes a receiver side CCA. Consider receiver assistance for DL transmissions. A conditional transmission from the UE based on CCA can provide a coarse but much quicker feedback than any long term measurement of interference. L1-SINR can have multi-slot delay or subject to long term averaging. Minimum requirement currently corresponds to 1 slot of 120KHz SCS, or roughly 125 us.  Aperiodic CSI report has larger delay requirements, and periodic CSI cannot be tied to success of LBT procedure on gNB side.  The figures below indicate possible procedures for receiver-assistance based on sensing where the transmission from the UE is conditioned on the success or failure of the adjoining LBT sensing procedure. By introducing such mechanism, the channel access can adapt to jammer activity and especially useful when there is persistent interferer.
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Figure 5 Procedures with Rx-Assistance for DL transmissions based on LBT sensing at the UE.  The transmission from the UE is conditional on the success /failure of LBT procedure preceding its opportunity. The figure on the left represents eCCA performed at the UE. The figure on the right has a Type 2 /CAT 2 LBT performed at the UE CCA.
We propose that Rx-Assistance based on CCA at the receiver be considered for LBT.
[bookmark: P11]Proposal 11:  Consider Rx-side CCA for receiver assistance. 
No LBT options
[bookmark: O3]Observation 3:  Uncoordinated deployments have to be robust to beam collisions.
As argued as part of the study item, uncoordinated deployments may lead to beam collision situations where a node may find itself in a stuck condition for an extended period. In a No-LBT deployment, where there are no sensing requirements, a priori it is difficult to (1) identify a stuck situation (2) react to it to assist individual nodes.
To allow good coexistence in No-LBT, a collection of options exist that should be considered for further specification. 
Some candidates considered earlier have been Dynamic Frequency Selection (DFS), Automatic Transmit Power Control (ATPC) and placing Duty cycle limits. 
A key drawback of DFS type techniques is that a whole cell has to move to a new frequency in order to assist a single node in stuck situation. The other techniques are useful but some of them are burdened by limiting the peak user throughput. 
A possible candidate for consideration is an ‘away-time’ operation, as depicted in Figure 6, where a node occupying the channel chooses not to occupy the channel for a specified duration of away-time, after occupying the channel. The key property is that occupied channel duration is not limited but the away-time after the channel occupancy increases as a function of the channel occupancy.  Away time allows nodes nearby to escape stuck situations. The advantage of such techniques is that the peak rate is not affected for the node carrying out the good neighbor behavior.

[image: ]
[bookmark: _Ref61885732]Figure 6 An optional silencing/away time *after* COT allows good neighbor coexistence without peak rate penalty

[bookmark: P12]Proposal 12:  For No-LBT deployments, consider specification of optional good neighbor procedures, such as away time, to break persistent beam collisions.
[bookmark: _GoBack]Conclusions
Please consider the following proposals. 

Proposal 1: Modify the baseline procedure for the WID LBT mode to include dependency of the energy detection threshold on the operating channel bandwidth.
Proposal 2: It is not necessary to define a fixed ‘LBT bandwidth’ as a fundamental sensing unit (like the 20MHz LBT bandwidth in FR1). 
Proposal 3: The short control signaling exemption should be considered for designing LBT procedures.  
Proposal 4:  Study the minimum measurement duration required in the 5 us observation slot. 
Proposal 5:  Perform two measurements within a 8us deferral period. Study the locations and durations of the two measurements. 
Proposal 6:  Consider specifying Type 2 LBT sensing structure similar to an observation slot in the baseline LBT procedure.
Proposal 7:  Consider specifying optional/configurable use of Type 2 LBT in channel access procedure. 
Proposal 8:  Consider the use of antenna gain of sensing beam and transmission beam to determine the suitability of using a given sensing beam in conjunction with a transmission beam.
The directionality of sensing beam should be accounted for only in the directions of intended transmission i.e., within X dB of the peak EIRP.   

Proposal 9:  For multi-beam COT, the sensing beam used at the start of the COT should represent the union of directions covered by the intended transmission beams. 
Proposal 10:  Consider the use of additional per-beam sensing before switching transmission beams for a COT 
Proposal 11:  Consider Rx-side CCA for receiver assistance. 
Proposal 12:  For No-LBT deployments, consider specification of optional good neighbor procedures, such as away time, to break persistent beam collisions.
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