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Introduction 
In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of initial access signals and channels for unlicensed operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:

	Physical layer procedure(s) including [RAN1, RAN2]:
- For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.
- For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.



In this context, the following agreements related to channel access mechanism were made during the related study item (SI), and during the previous RAN1 meetings [3-8]: 
	Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

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


Agreement:
· For initiation of a COT by the UE, following LBT schemes are used 
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	UL
	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	
	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	
	RACH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	
	PUCCH -only
	(see Note 2)
	Cat4 with lowest channel access priority class value



Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of an LBT scheme other than Cat 4 for the following signals / channels have been discussed. 
· UL control information including UCI only on PUSCH, e.g.: 
· HARQ-ACK
· Scheduling Request
· Channel State Information
· Random Access
· Further discuss the aspects related to Note 2 in the work item

Agreement:
· It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent on a long term basis (e.g., by level of regulation) and FBE gNBs are synchronized can achieve the following.
· Ability to use frequency reuse factor 1
· Lower complexity for channel access due to lack of necessity to perform random backoff
· FFS requirement of synchronization accuracy
· FFS specification impact
· Note: This does not imply that LBE does not have benefits in similar scenarios although there are differences between the two modes of operation
Note: FBE may also have some disadvantages compared to other modes of operation such as LBE, e.g., a fixed overhead for idle time during a frame

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design

Agreement:
Capture the following in the TR:
For FBE:
· gNB acquires COT with Cat2 immediately prior to the fixed frame period
· within the gNB acquired COT, if a gap is <= 16 us, Cat 1 can be used by the gNB and associated UEs
· within the gNB acquired COT, if a gap is > 16 us, Cat 2 should be used by the gNB and associated UEs
· Note: This is intended to be aligned with any regulations for FBE operation

Agreement (during #AH 1901 [3]): 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs

Agreement (during #RAN1 96 [4]):
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement (during #RAN1 96 [4]):
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement (during #RAN1 96b [5]):
The following agreement from the SI is updated as shown:
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms
Cat4 with any channel access priority class value can be used 

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



Agreement (during #RAN1 96b [5]):
For a UCI-only transmission on PUSCH in a channel occupancy initiated by the UE, Cat4 with lowest channel access priority class value can be used by the UE

Agreement (during #RAN1 96b [5]):
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap durations shorter than 25 microseconds, choose one of the following alternatives
· Alt 1: Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
· Alt 2: Cat 2 LBT is not indicated to the UE for gaps less than 25 microseconds
· Notes (applicable to both alternatives): 
· This means that the gNB ensures that gaps between 16 and 25 microseconds do not occur
· This doesn’t change the previous agreement for Cat 1 and Cat 2 LBT for gaps of 16 microseconds or less
· FFS: Conditions on channel occupancy after a Cat. 1 or Cat. 2 LBT after a gap of 16 microseconds or less
Agreement (during #RAN1 97 [6]):
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis

Agreement (during #RAN1 97 [6]):
Select one of the following alternatives for Cat2 LBT in a 16 us gap. 
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 

Agreement (during #RAN1 97 [6]):
Multi-carrier channel access schemes that are applicable to multiple carriers with a single LBT sub-band per carrier that is the same as the carrier bandwidth are also applicable to multiple LBT sub-bands within a carrier when such carriers are used either as a single wideband carrier or as part of carrier aggregation of a set of carriers.

Agreement (during #RAN1 98 [7]):
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.

Agreement (during #RAN1 98 [7]):
For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.

Agreement (during #RAN1 98 [7]):
For a gNB initiated channel occupancy, for a DL burst without unicast PDSCH and with one or multiple UL grants, and for each set of LBT bandwidths for which a single contention window is maintained, CWS adjustment is based on the success or failure (FFS: CB, CBG, or TB) of reception of PUSCH transmissions in the granted resources
· FFS: Details of CWS adjustment based on the reception of a successful transmission
· FFS: Handling of PUCCH/PRACH/SRS and PUSCH without UL-SCH


Agreement (during #RAN1 98bis [8]):
Sharing of a UE-initiated channel occupancy (either CG-PUSCH or scheduled UL) with gNB is supported, such that the gNB is allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy.
· The ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured by gNB (RRC signaling)
· if ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions of up to 2/4/8 OFDM symbols in duration for 15/30/60 kHz SCS
· When absence of WiFi cannot be assumed based on e.g. regulation, the ED threshold that the gNB configures to the UE to apply when initiating the channel occupancy is determined based on the max gNB TX power
· Cat. 2 LBT can be used (for gaps of 16us and 25us). 
· Cat. 1 LBT can be used under the following conditions.
· Gap duration <= 16us
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission contains only control/broadcast signals/channels
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission has a duration below X ms (X >= 0).
· FFS: X
· FFS: For transmissions after the second and subsequent switches between UE and gNB


Agreement (during #RAN1 98bis [8]):
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 
· 0 (i.e. no CP extension) 
· C1*symbol length – 25 us 
· C2*symbol length – 16 us - TA 
· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS
· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing
· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account
· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed
· FFS: Applicability of this to other UL transmissions
· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured


Agreement (during #RAN1 98bis [8]):
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device



In this contribution, the following aspects related to the channel access mechanism are addressed:	
· LBT procedure for 10 MHz channel bandwidth
· ED threshold calculation and determination
· Further clarifications regarding the definition of 16us CAT-2 LBT for an UL burst in a gNB initiated COT
· CWS adjustment procedure for both DL and UL, including some related details (e.g., definition of reference burst, and timing between reference burst and scheduling request/feedback information) to handle both TB-based and CBG-based HARQ-ACK operation, as well as standalone and wideband operation
· Channel access details for the FBE design
LBT Procedure For 10 MHz Channel Bandwidth
During RAN #84 [9], it was agreed that the following physical layer aspect should be captured in the NR-U specifications: 
· 10MHz operation for 5GHz band via NR-U/NR-U CA or NR/NR-U CA without air-interface optimizations specific to 10MHz. 
NOTE: 
- 10MHz Pcell or SpCell is not supported in NR-U.
- The absence of WiFi channels should be guaranteed.  

The purpose of this agreement is to enable NR-U to be deployed and operated in Band n46, where 10 MHz operation is allowed. For this band, whose regulatory requirements were made available by the Indian ministry of communications on October 2018, the maximum PSD is constrained not to exceed 30 dBm [10]. In order to capture the fact that the LBT procedure for this deployment must be performed over a 10 MHz band, and that the maximum PSD for this band is constrained to 30 dBm, the value of the energy detection (ED) threshold should account for both the increase in PSD limitation (i.e., from 23 dBm to 30 dBm) and the bandwidth (BW) reduction (i.e., from 20 MHz to 10 MHz). 
In Rel. 13 and 14, the following equation was captured in TS 37.213 in Section 4.1.5 (for downlink) and Section 4.2.3 (for uplink) in order to apply a constant adjustment across all power levels (which is proportional to the channel BW) to the ED threshold when the channel BW is set to different values (e.g., 10, 15 or 20 MHz) in the specific case when the absence of any incumbent technology cannot be guaranteed:


 (1)
where 

	= 10dB for transmission(s) including PDSCH or PUSCH;

-	= 5dB for transmissions including discovery signal transmission(s) and not including PDSCH;

-	 = 23 dBm;

-	;
-	BWMHz is the single carrier bandwidth in MHz.

By looking more closely to equation (1), it is possible to notice that for different channel BW, the ED threshold value does not vary uniformly as function of the output power. This behavior can be better noticed from Fig. 1, which illustrates the case when the ED threshold is calculated with the formula above assuming a PUSCH transmission and a channel BW of 10 (red curve) and 20 MHz (blue curve). As shown by Fig 1, the ED threshold between the case when the channel BW is 10 and 20 MHZ is 3 dB different, due to halving the BW. However, when the output power is between 10 and 23dBm, the difference between the two cases varies and is of up to 6 dB, which clearly does not reflect the spirit and rationale behind equation (1), and more importantly behind the original agreement that was made during RAN1#83:
Agreements: For the DRS without PDSCH transmission LBT procedure used by LAA:
· If the absence of any other technology sharing the carrier can be guaranteed on a long term basis (e.g. by level of regulation), the maximum energy detection threshold used by LAA is
· Min(X, Y)  
· X = -75 dBm/MHz+ 10*log10(BWMHz) + 10 dB
· Y = 
· Maximum energy detection threshold defined by regulatory requirements when such requirements are defined
· Y = X, otherwise  
· Otherwise, LAA uses the maximum energy detection threshold of TH;
· TH = max(-72 dBm (20MHz), min(Tmax, Tmax – 5 dB + (PH – PTX)))
· If an LAA eNB uses channel access signals of other technologies for the purpose of LAA channel access, it shall continue to meet the LAA maximum energy detection threshold requirement. (Captured in 36.300)
· The parameters used in the above proposal are defined as the following:
· PH is a reference power equaling 23 dBm,  
· PTX is the configured maximum transmit power for the carrier in dBm
· Uses the configured maximum transmission power over a single carrier irrespective of whether single carrier or multi-carrier transmission is employed
· Tmax is defined as the following:
· Tmax = -75 dBm/MHz+ 10*log10(BWMHz). 
· BWMHz is the channel bandwidth in MHz


Fig. 1 – ED threshold as function of the output power for a PUSCH transmission.

 For this purpose, in NR-U when adjusting the ED threshold due to different channel BW, this should be properly accounted for, and the equation adopted in LAA should be modified so that the same adjustment (i.e., -3dB when halving the channel BW from 20 to 10 MHz) is always applied independently of the output power. In particular, the above equation should be modified as follows (where the term is removed from the second equation within the min operator):      

 (2)
By using formula (2) provided above, the yellow curve in Fig. 1 is obtained under the assumption that a PUSCH transmission with a channel BW of 10 MHz is performed. Fig. 1 clearly highlights that a -3 dB adjustment due to halving the bandwidth is always applied to the ED threshold compared to the case when the channel BW is set to 20 MHz (blue curve), and this adjustment is applied consistently for every value of the output power.

Proposal 1: When operating with a 10 MHz BW, the ED threshold used for all power levels in the LBT procedure is 3dB lower than the one used when operating with a 20MHz BW if the maximum PSD remains the same. To evaluate the exact ED threshold value, the following formula is used:




Given that compared to a 20 MHz deployment, in band n46 the maximum allowed PSD is 30 dBm, this should be also reflected when evaluating the ED threshold. 
Proposal 2: When operating with 10 MHz BW, the ED threshold is calculated by setting PH to 30 dBm.
RRC parameters related to ED Threshold
[bookmark: _Hlk24102082]During Rel.14 LTE eLAA, two RRC parameters called 'maxEnergyDetectionThreshold-r14' and 'energyDetectionThresholdOffset-r14’ were introduced. The main reason was to flexibly set an upper bound for the UE on the maximum energy detect threshold to use during the LBT procedure and to adjust the energy detect threshold by an offset. Notice that these parameters were defined per UE and were defined to have range from -85 to -52 dBm and from -13 to 20 dBm, respectively. In Rel. 16, these two parameters, now called ‘maxEnergyDetectionThreshold-r16’ and ‘energyDetectionThresholdOffset-r16’ are also needed.  As can be seen from Fig. 1, where the absence of any incumbent technology cannot be guaranteed, the minimum value the parameter ‘maxEnergyDetectionThreshold’ can assume is -75 dBm, and the maximum value is -62 dBm.   If the absence of any incumbent technology can be guaranteed, the maximum value increases to -52 dBm.   Thus, the parameter ‘maxEnergyDetectionThreshold-r16’ should be defined to assume values with range from -75 to -52 dBm. 
Proposal 3:  The RRC parameter ‘maxEnergyDetectionThreshold-r16’ has range from -75 to -52 dBm.
Considering that these two parameters were defined in eLAA per UE, and considering that configuring them in NR-U per UE would allow more flexibility and a better system level optimization.
For example, the following use cases may be considered:
1) gNB knows that some UEs may be near Wi-Fi devices or other interfering devices which require a different max ED threshold from the UEs that may be far away from Wi-Fi devices.
2) gNB knows the UE is a cell-edge UE and wants to relax (i.e. increase) the max ED threshold for the UE to allow for easier access to the medium.
3) The density of a group of UEs being served are different and it would be better if different max ED thresholds were used by different group of UEs.
Therefore, ‘maxEnergyDetectionThreshold-r16’ and ‘energyDetectionThresholdOffset-r16’ should be defined per UE.  
Proposal 4:  The RRC parameter ‘maxEnergyDetectionThreshold-r16’ and ‘energyDetectionThresholdOffset-r16’ are defined per UE.
During the RAN1 meeting #98bis [8], it was agreed that the maximum ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured by gNB via RRC signalling.  This threshold is called ‘ULtoDL-CO-SharingED-Threshold-r16’.  To allow for flexibility and system level optimization, this threshold should be configured per UE, not per Cell.
Proposal 5: The RRC ED Threshold ‘ULtoDL-CO-SharingED-Threshold-r16’ is configured per UE.
Furthermore, it is important to notice that the range of values that this parameter can assume is from -75 to -52 dBm, exactly like the parameter ‘maxEnergyDetectionThreshold-r16’.  
Proposal 6: The RRC parameter ‘ULtoDL-CO-SharingED-Threshold-r16’ has range from -75 to -52 dBm.
Since the threshold ‘ULtoDL-CO-SharingED-Threshold-r16’ represents a maximum value, the RRC parameter should be renamed to ‘ULtoDL-CO-SharingMaxED-Threshold-r16’.
Proposal 7: The RRC parameter ‘ULtoDL-CO-SharingED-Threshold-r16’ should be renamed to ‘ULtoDL-CO-SharingMaxED-Threshold-r16’.
On CAT-2 LBT for 16 µs Gap
In 802.11ax [13], CAT-2 LBT over 16us is a new feature in a trigger based transmission that is controlled by a subfield called “CS Required” to signal whether to enable or disable this feature at the STA (or UE) side.  When this subfield is set to 0, “the STAs identified in the User Info fields are not required to consider the medium state or the NAV (Network Allocation Vector) in determining whether or not to respond.”   In particular, there are two cases when this subfield can be set to 0:  
a) The Trigger frame is either a MU-BAR (Multiuser BlockAck Request) or GCR (Groupcast with Retries) MU-BAR Trigger frame soliciting less than 584us long HE TB PPDU; 
b) NDP (Null Data Packet) Feedback Report (NFRP) Trigger frame.
In addition, the Wi-Fi Alliance Interoperability Test Plan [15] does not test this feature. Note that the Wi-Fi Alliance is equivalent to RAN4 in 3GPP.
Observation 1:  16us LBT is an optional and untested feature in Wi-Fi.  The feature can be disabled for the following 2 cases: 
1) Trigger frames in 802.11ax that require an uplink frame that is shorter than 584us long 
2)  Null Data Packet (NDP) Feedback Report (NFRP) Trigger frame

In previous RAN#1 meetings, the three alternative proposals listed below and illustrated in Fig. 2 have been identified:
· Alt. 1: The 16 us measurement period is split into two slots with the first slot Tf having a duration 7 us and second slot Tsl having a duration of 9 us. 
· Energy measurement is done in the 9 us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt. 2: The 16 us measurement period is split into two slots with the first slot Tf  having a duration 7 us and second slot Tsl having a duration of 9 us. 
· Energy measurement is done in both the 7 us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt. 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 

[image: ]
Fig. 2– Illustration of Alt. 1, Alt. 2, and Alt. 3
Alt. 1 can be seen as a subset of Alt. 3 and provides protection from trailing energy from the end of an interfering transmission.  Alt 3 provides for more flexibility in implementation.   Alt.2 is more complex than the other two solutions, since it requires a device to perform two sets of measurements. In order to better identify the merit of these solutions, simulations have been performed. The basic assumptions are: i) a single Wi-Fi packet was considered as a potential source of interference; ii) 20 MHz ADC energy measurements with perfect AGC in AWGN channel with 5dB noise figure were assumed. Simulations have been performed using either a single 4 us window (Alt1 or Alt3) or two 4 us windows (Alt 2).  Fig.3 shows the probability of sensing the channel to be free (energy level measured to be below -72 dBm threshold) when the interference signal is exactly -72 dBm  as a function of a selected energy detect threshold.  The starting position of the windows were chosen with a uniformly random distribution and it was ensured that the measurements were finished before the end of the Wi-Fi packet. This figure highlights that having two 4us windows only provides ~0.2 dB benefit (in terms of 99.9% probability of being correct) when the ED threshold used by a measuring device is greater than or equal to -72.35 dBm.  
[image: ]
Fig. 3 – Probability of misdetection as function of the ED threshold.
A second set of simulations were also performed in which two Wi-Fi packets, with equal received power of exactly -72 dBm at the NR-U device, were considered as potential sources of interference.  The first one represents a data packet and the second one an acknowledgment frame, or Ack.  Their separation is equal to SIFS, which is equal to 16us.  This is a worst case scenario since, depending on the location of the UE with respect to the 2 interfering Wi-Fi devices, one packet will have higher received power than the other.  In addition to comparing Alt1 (or Alt3) with Alt2, the results with a 25us CAT2 LBT with 2 measurement windows, as used in LTE-LAA, are also considered.  The misdetection results shown in Fig. 4 are found using an ED threshold of -73.1 for all curves and defined for the following cases:
a) 16us CAT2 LBT Alt1 or Alt3 is declared as misdetection if the medium is declared free when the single measurement window does not predict the beginning of the Ack (i.e. end of measurement window overlaps with at least 1 sample from the Ack) or it does not detect the presence of the data packet (i.e. end of measurement window finishes before the last sample of the data packet).
b) 16us CAT2 LBT Alt2 is declared as misdetection if the medium is declared free when the beginning of the 16us measurement window falls after the data packet or the end of the 16us measurement window falls before the end of the Ack;
c) 16us CAT2 LBT Alt2 is declared as misdetection if the medium is declared free when both measurement windows do not predict the beginning of the Ack (i.e. end of the most recent measurement window overlaps with at least 1 sample from the Ack) or it does not detect the presence of the data packet (i.e. end of the most recent measurement window finishes before the last sample of the data packet);
d) 25us CAT2 LBT is declared as misdetection if the medium is declared free when both measurement windows do not predict the beginning of the Ack (i.e. end of the most recent measurement window overlaps with at least 1 sample from the Ack) or it does not detect the presence of the data packet (i.e. end of the most recent measurement window finishes before the last sample of the data packet).
In Fig. 4, it can be seen that the performance of case a) and case c) are almost identical when 1e6 iterations for each fixed first packet duration that ranges from 120us to 5.48ms are run with different noise seeds.  Also, this figure highlights that depending on how misdetection is defined, a misdetection factor of ~3 can be found between cases b) and c).  It is also very clear from the figure that 25us CAT2 LBT with 2 measurement windows is much more effective in reducing the misdetections, by about 50 times, than any of the 16us CAT2 LBT solutions in determining either the end of the Data packet or the beginning of the Ack.  
Observation 2: The use of 2 measurement windows in 25us CAT2 LBT provides significant gains over the use of 2 measurement windows in 16us CAT2 LBT from the perspective of minimizing the probability of misdetection.
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Fig. 4 – Probability of misdetection as function of the First Packet duration
Motivated by both simulation results, Alt2 should no longer be considered and any choice between Alt.1 or Alt.3 should be down selected.
Proposal 8:  Either Alt1 or Alt3 are viable definitions for the CAT-2 LBT procedure within a 16us gap.
Channel Access for DL Signals & Channels
In LAA, the DRS duration was limited to 1 ms and its periodicity to 40, 80, or 160 ms. In NR-U, it has been agreed that CAT-2 LBT is permitted when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms.  However, the ETSI BRAN guidelines [11] mandate short control signalling measurements over any observation window of 50 ms duration.  During such observation window, the number of short control signalling transmissions shall be less than or equal to 50 and the total duration shall be less than 2.5ms.  However, when the DRS periodicity is equal to 20 ms, there may be 3 DRS transmissions inside the 50 ms observation window.  If each DRS duration is 1ms long, then the total duration may be larger than 2.5 ms.  If the observation window has a uniform probability distribution, the probability that the total duration is larger than 2.5 ms is equal to 0.5.   This is illustrated in Fig. 5.  Note that exactly 3 DRS transmissions can be seen when the observation window begins at time 0 and any time between 11 and 20ms.  When the observation window begins at time intervals between [0, 0.5) and between (10.5, 11], the total DRS duration is also larger than 2.5 ms.  Thus, the probability that the total duration is larger than 2.5ms is equal to 1/20*(9+0.5+0.5) = 0.5.
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Fig. 5 – Illustration of the DRS transmissions with a periodicity of 20 ms. 
Observation 3: When the DRS periodicity is 20ms and the total duration of DRS is 1ms, three DRS transmissions may occur in the 50 ms observation window leading to a total duration larger than 2.5ms.  
In order to overcome this issue, 1 ms DRS should not be allowed in countries or regions that follow ETSI BRAN regulation. The compliance to this rule would be left to gNB’s implementation.  In addition, for DRS periodicity of 80 or 160ms, there will be at most one DRS transmission over any 50 ms observation window. This means that the DRS duration could be relaxed up to 2.5 ms.  
[bookmark: _Hlk23765429]Proposal 9: For DRS with CAT-2 LBT, the following rules are used:
· For 20 ms DRS periodicity, 1 ms DRS is not allowed in countries or regions that follow ETSI BRAN regulation. The compliance to this rule is left to gNB’s implementation.   
· For 40 ms DRS periodicity, 1 ms DRS is allowed.
· For 80 and 160 ms DRS periodicity, DRS duration can be extended to 2.5 ms.
Shared COT
In order to maximize channel usage, it is of interest to allow sharing from either a UE or a gNB of their COT in case this is not fully utilized. In IEEE 802.11ac, Wi-Fi devices can have a DL Multiuser (MU) packet, denoted as VHT MU PPDU below, with either immediate acknowledgement (i.e. Block Ack, or BA, (32 bytes) or Ack (14 bytes) after VHT MU PPDU) or no immediate acknowledgement (i.e. Block Ack Request, or BAR, after VHT MU PPDU), as shown in the Fig. 6 and 7 [11], respectively.  In both Figures below, 5 switching points occur within a shared COT from an AP. However, in general, defining N to be the maximum number of users, IEEE 802.11ac allows 2*N-1 switching points, where N is equal to 4.  What is important to note is that the duration of the Ack/BA frames are short in duration (44 and 68 us, respectively) and the interference they cause to other nodes may be very limited.  Note that there is no Uplink Multiuser MIMO in 802.11ac. 
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Fig. 6 – 802.11ac Downlink Multiuser Sequence with Immediate Ack
[image: ]
Fig. 7– 802.11ac Downlink Multiuser Sequence without Immediate Ack

In IEEE 802.11ax, Uplink MU-MIMO as well as Uplink and Downlink OFDMA are introduced, and the maximum number of users in DL MU-MIMO is increased up to 8.   In IEEE 802.11ax, Uplink OFDMA improves the medium usage of the Acks so that the TXOP has at least a single switching point, as shown in Fig. 8 [12]. This is similar to having an UL transmission following a DL transmission in a gNB acquired COT.  
[image: ]
Fig. 8 – 802.11ax Downlink Multiuser Sequence with Aggregated Block Acks

Furthermore, as explained in Section 4, trigger based transmissions are introduced in which an uplink MU transmission with maximum packet duration of 5.484ms, is preceded by a trigger frame, as shown in Fig. 9 [12].   In this case, the MCOT has at least 2 switching points. 
[image: ]
Fig. 9 – 802.11ax UL MU transmission with immediate DL MU transmission BlockAcks

To draw a parallel with NR-U, this is similar to have an UL burst following a DL transmission in the gNB acquired COT.  Though not shown in Fig. 8, after the AP captures the medium, Wi-Fi STAs that have been given permission to transmit an UL MIMO by an AP’s Trigger frame may be required to perform additional sensing of the medium during the SIFS duration before transmission occurs. Note that the maximum UL MIMO (i.e. HE TB PPDU) duration, which is allowed without performing additional channel sensing, is 584us.   Therefore, for a gap duration of 16us, and UL bursts within a gNB initiated COT with duration less than 584us, CAT1 LBT should be used.  If UL burst is greater than or equal to 584us, CAT2 LBT should be used. 
Proposal 10: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap duration less than or equal to 16us, if UL burst duration is less than 584us, then CAT1 LBT is used.  If UL burst duration is greater than or equal to 584us, Cat2 LBT is used. 
In 802.11ax, similar to 802.11ac, single user beamforming procedure from STA to AP is as shown in Fig. 10, where the STA sends a Null Data Packet (NDP) Announcement (NDPA) frame followed by a NDP frame to sound the channel. The AP responds with a HE Compressed Beamforming frame that contains beamforming coefficients within SIFS time without having to sense the channel prior to transmitting the packet.  Note that single user beamforming procedure is not trigger based.  This means there is no “CS Required” field in the NDPA.  These HE Compressed Beamforming packets can be quite long and their content depends on the NDP bandwidth and number of spatial streams.  For example, a 4 antenna, 3 stream 160 MHz HE Compressed Beamforming packet with NG=4 and SU Codebook (6,4) requires 3711 octets.  A 8 antenna, 3 stream 160 MHz HE  Compressed Beamforming packet with NG=4 and SU Codebook (6,4) requires 11056 octets [16].    If 3711 bytes are sent at 61.3 Mbps data rate using 160 MHz channel bandwidth, the duration of the HE Compressed Beamforming packet is ~500us.  If 11056 bytes are sent at 61.3 Mbps data rate, the duration is ~1.4 ms.  The problem can be exacerbated when STAs have more than 3 streams to transmit or a lower data rate is used to send the HE Compressed Beamforming packets. 
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Fig. 10 – Example of Single user beamforming sounding protocol in 802.11ax
In light of the agreements made during the RAN1 meeting #98bis [8], and to have a design which is in par with the Wi-Fi design, the gNB transmission should be limited to a maximum duration of 584us if CAT1 LBT is used by the gNB.   In fact, in last meeting, it was agreed that CAT-1 LBT can be used under the following conditions:
· Gap duration <= 16us
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission contains only control/broadcast signals/channels
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission has a duration below X ms (X >= 0).
· FFS: X
· FFS: For transmissions after the second and subsequent switches between UE and gNB

Therefore, in this case X should be limited to 0.584 ms.
Proposal 11: When a UE shares its initiated COT with a gNB, a gNB is allowed to perform Cat-1 LBT if the gap between UL and DL is less than or equal to 16us, and the duration of the DL transmission is less than 0.584 ms.
Channel Access specific to different UL channels
During RAN1 98bis meeting [8], it was agreed that 
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 
· 0 (i.e. no CP extension) 
· C1*symbol length – 25 us 
· C2*symbol length – 16 us - TA 
· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS
· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing
· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account
· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed
· FFS: Applicability of this to other UL transmissions
· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured

If C2/C3 are fixed to a value of 2 for 30 and 60 kHz SCS, it may be possible that the CP extension duration may extend beyond 1 OFDM symbol.   For example, if TA<=1.857us (equivalent to cell radius of 278.5 meters) in the 60 kHz SCS case, the CP extension would be larger than 1 OFDM symbol when C2=2.  In the 30 kHz SCS case, with TA values less than 19.714us (equivalent to cell radius of 2.957km), the CP extension would be larger than 1 OFDM symbol when C2=2. Transmitting beyond 1 OFDM symbol would cause additional interference to neighbouring devices and would contradict the following agreement, which limits the CP extension to 1 OFDM symbol:
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs

It is also important to not be constrained by the TA value.  Notice that in the following proposal, TA can take any value, and the CP extension is still limited to 1 OFDM symbol.
Proposal 12: For the CP extension prior to at least a dynamically scheduled PUSCH transmission PUSCH transmission, the CP extension is in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The duration of CP extension is limited to 1 OFDM symbol and is given by:
· for 15/30/60 kHz SCS: 
· 0  (i.e. no CP extension) 
· C1*symbol length – 25 us 
· symbol length x – 16 us – TA 
· symbol length x – 25 us – TA
C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS 
In the agreement listed above it is stated that the N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account.  Given that the current N2 timeline formula is given as follows 


by adding CP extension duration to the equation above, we can relax the N2 timeline, and the above formula can be modified as follows:

, where is the duration (in time) of CP extension indicated by the uplink grant.

Proposal 13: The N2 timeline equation Tproc,2  in 38.214 Section 6.4 is modified as follows to account for the CP extension (: 

where is the duration (in time) of CP extension indicated by the uplink grant.

In the agreement provided above, it was left as an FFS on whether to apply the rules defined for the CP extension for a dynamically scheduled PUSCH transmission.  It was also left as an FFS whether the rules apply to other UL transmissions. If PUCCH and/or SRS are scheduled together with a scheduled PUSCH without any gaps in between, the TA will be common to all of them, and in this case the CP extension should be applied once for the first channel/signal and regular CP is used for the following channels/signals. If the PUCCH and SRS are transmitted by themselves in a separate burst without a scheduled PUSCH transmission, then two cases must be considered:
1. PUCCH and SRS are transmitted outside of the shared COT: In this case, a UE as it has already been agreed performs a Cat-4 LBT with the lowest channel access priority class value, and no CP extension is needed;
2. PUCCH and SRS are transmitted inside the shared COT: in this case, a UE performs a Cat-2 LBT before transmitting and CP extension might be needed depending on gap and the starting position of the UL transmission. For PUCCH-only transmission, additional bits are needed in the DCI 1_0/1_1, and same CP extensions as those used for scheduled PUSCH transmission can be used. As for SRS-only transmissions, the overhead of including additional bits to the related DCIs for the purpose of signaling the CP extension may be larger, and for this purpose, for SRS only transmissions, this may be scheduled so that they start at the symbol boundary, and no CP extension is necessary.
Proposal 14: The same CP extensions defined for scheduled PUSCH transmission are also applied to PUCCH-only transmission.
In the previous meeting, some discussion was initiated on whether the number of durations for CP extension that the UE can be signalled can be configured or not.  Adding this feature adds unnecessary complexity in the signalling of the CP extension, and provides a negligible advantage. Therefore, we propose that the CP extensions that may be dynamically used by a UE at a given time are not configurable.

Proposal 15: The CP extensions that may be dynamically used by a UE at a given time are not configurable.
COT sharing in NR-U allows for a gNB and UE to share the medium without having to perform CAT-4 LBT every time the medium is accessed. For UE transmission’s LBT type, there are 2 main cases to consider:
1) gNB initiated COT (shared COT)
2) gNB signals UE transmission outside gNB’s COT
In the case the gNB signals a UE transmission outside the gNB’s COT, the channel access priority class (CAPC) is required so that the UE can set the appropriate limits for contention window generation and maximum COT as was done in the LTE design. In the case of a gNB initiated COT (shared COT), it may not be necessary for the UE to have access to the CAPC.  In Wi-Fi, the CAPC is a recommendation from the AP to the STA and is not a mandatory requirement.  In Rel.14 LTE LAA, a PUSCH starting position can be chosen from symbol 0, 25 us in symbol 0, (25+TA) us in symbol 0, and symbol 1, where 0us is normally for CAT-4 LBT, 25 us is for CAT-2 LBT when the gap is between UL and UL, and (25+TA) us is for CAT-2 LBT when the gap is between DL and UL. We may use a similar mechanism to indicate the PUSCH starting position to guarantee the required gap. In NR-U, the case of 16us gap must also be considered in order to support CAT-1 and 16us CAT-2 LBT. If it is agreed that CAT-1 LBT can be used for UL transmissions with durations less than 584us and CAT-2 LBT otherwise, a joint encoding of LBT type, PUSCH Starting position, and CAPC is proposed utilizing 3 bits, as shown in Table I.
	 Index
	LBT type
	Starting Position
	CAPC

	0
	CAT-1 or 16us CAT-2
	16us + TA
	Not available 

	1
	25us CAT-2
	0us
	Not available

	2
	25us CAT-2
	25us 
	Not available

	3
	25us CAT-2
	25us + TA
	Not available

	4
	CAT-4
	0us
	1

	5
	CAT-4
	0us
	2

	6
	CAT-4
	0us
	3

	7
	CAT-4
	0us
	4


NOTE:  For gap less than or equal to 16us (i.e. Index 0), if UL transmission duration < 584us, CAT-1 LBT shall be used; otherwise, CAT-2 LBT.
Table I: Combinations of start position, LBT type, and channel access prioirity class

Proposal 16: For UE transmissions, LBT scheme, PUSCH starting position, and CAPC are indicated in DCI 0_0/0_1 as shown in Table I, where only 3 bits are required. 
To minimize LBT failure possibility, it is also beneficial for the gNB to share the COT with a UE during the initial access, especially between Msg2 and Msg3. In Msg2, the UL grant field in RAR would be the best place with the aim to contain LBT type information as agreed in RAN1 #97.  In previous meetings, it was agreed that CAT-4 with lowest channel access priority class (CAPC) value should be used for RACH-only messages. In order to reduce the latency associated with the whole RACH procedure, the lowest CAPC should be applied to UL Msg3 transmissions if Msg3 only includes RRC parameters and MAC CE. However, in cases that Msg3 contains unicast data, it is also necessary to signal CAPC.  To be consistent with the previous proposal, the same 3-bit table from Table I is used and included in UL grant of RAR. In Rel-15 NR, we use 27 bits for UL grant in RAR but it is possible to find additional room for the 3-bit indication of Table 1. Since the initial active UL BW is 20MHz, Msg3 also needs to be transmitted over 20 MHz wide. In order to support FDRA of 20MHz where there are at most 106 RBs, at most 13 bits are required in the PUSCH frequency resource allocation, which allows for the repurpose of 1 bit from the original 14-bit allocation.  The CSI request field in is reserved and can be repurposed as well.  In addition, there is 1 Reserved bit in MAC RAR that can be repurposed.  The proposed RAR structure is 28 bits long and has LBT scheme/PUSCH starting position/CAPC signalling that is consistent with LBT signalling for other UL transmission types. 

	RAR grant field
	Number of bits

	Frequency Hopping Flag
	1

	LBT Type (CAT1, 16us CAT2, 25us CAT2, or CAT 4 LBT) + Start Position + CAPC
	3

	PUSCH frequency resource allocation
	13

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3


NOTE:  For gap less than or equal to 16us (i.e. Index 0), if UL transmission duration < 584us, CAT-1 LBT shall be used; otherwise, CAT-2 LBT.
Table II: Combinations of start position, LBT type, and channel access prioirity class

Proposal 17: LBT, starting position, and CAPC are indicated as a separate fields of UL grant in RAR. Details of RAR structure are shown in Tables I and II.  
LBT for Wideband Operation 
In LTE LAA, multi-carrier operation is supported for DL, and following the ETSI BRAN guidelines [11] two types of LBT procedure were agreed:
· Type A - the eNB performs channel access on each carrier by performing Cat-4 LBT. 
· Type B - the eNB selects a single carrier, namely primary channel, which can be either uniformly picked across all carriers or selected. In either cases, the eNB cannot change the primary channel more than once every second. The eNB can sense other carriers with Cat-2 LBT only if the eNB completes the Cat-4 LBT for the primary channel. 
While the aforementioned LBT procedures were defined in LTE LAA for DL only, they can be reused for NR-U for both UL and DL when wideband operation is enabled, and they can be applied per bandwidth part (BWP). 
Proposal 18: The wideband LBT mechanisms from LAA are reused. 
CWS Adjustment Procedure
During Rel. 13/14/15, a great effort was devoted in designing a contention window size (CWS) adjustment mechanism for both DL and UL (for either scheduled or grant-free UL transmissions), which is in par with other incumbent technologies. For either DL or UL, the LTE LAA CWS adjustment procedure is performed based on the HARQ-ACK feedback related to a reference subframe (SF), which is defined as follows:
1. For DL, the reference SF is the first DL SF of the latest DL data burst for which HARQ-ACK feedback is available.
2. For UL, the reference SF set is the first SF with UL-SCH that was transmitted at least 4 ms prior to the UL grant reception in the most recent transmitted burst of contiguous SF that is transmitted after performing a category 4 LBT procedure.
Considering that NR-U needs to fairly coexist with all the incumbent technologies, including LAA, and great effort was already spent during previous WIs for LAA to define a CWS adjustment mechanism, it is advisable to reuse the LTE LAA CWS adjustment mechanism as a baseline. However, some modifications are needed since for NR-U together with TB-based transmissions, CBG-based re-transmissions can be also configured. Furthermore, the concept of SF has been replaced with the concept of slot, whose length depends on the subcarrier spacing (SS):  the duration of the slot is 1 ms, 500 us, 250 us, for 15 kHz, 30 kHz, and 60 kHz, respectively.
Reference Burst
In order to mimic the LTE LAA mechanism, the concept of reference burst was introduced during RAN1 meeting #98 [7], and the following agreements have been made:
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.

For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.

While this agreement is very general and comprehensive, for completeness since the CWS adjustment is based upon the HARQ-ACK feedback, it should be further clarified within these agreements that the reference burst is one for which at least some HARQ-ACK feedback  is expected to be available. Also, given that the CWS adjustment is done based on the feedback information of the most recent burst, it should be specified in these agreements that the CO referred to here is the most recent one. 
Proposal 19:  The following agreements should be modified as follows:
Agreement: For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.
Note: The CO that is referred to here is the most recent CO and the reference burst is one for which at least some HARQ-ACK feedback is expected to be available.

Agreement: For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.
Note: The CO that is referred to here is the most recent CO and the reference burst is one for which at least some HARQ-ACK feedback is expected to be available.

In the context of the reference burst, it is also important to define the minimum time N between the beginning of UL reference burst, and the beginning of the CORESET containing the following UL grant or a DFI DCI in case the configured-grant (CG) UL transmission is configured, which is illustrated in Fig. 11.  In LTE LAA, the minimum time between the beginning of reference SF and the beginning of the following UL grant or DFI-DCI is fixed and related to the processing time for PUSCH decoding, which was established to be 4 ms. Under the consideration that NR operates based on a symbol level processing time, and SS may be configured among a set of choices, in NR-U the minimum time N between the start of an UL reference burst and the last symbol of the CORESET containing the following UL grant or a DFI-DCI could be configured.  
[image: ]
Fig. 11 – Illustration of timing between an UL reference burst and the following COSESET containing UL grant or DFI DCI.

Proposal 20: A reference burst starts at least N symbols prior to the end of the CORESET containing the following UL grant or a DFI-DCI, where N is configurable. 

 9. 2 Handling of CBG-Based Transmissions
As mentioned at the beginning of this section, in NR-U CBG-based re-transmissions may be configured. However, the LTE LAA CWS adjustment mechanism was designed to account only for TB-based transmissions.  In particular, for DL the CWS procedure consists of the following 2 steps:


1)	for every priority class set 




2)	if at least  of HARQ-ACK values corresponding to PDSCH transmission(s) in reference SF are determined as NACK, increase  for every priority class to the next higher allowed value and remain in step 2; otherwise, go to step 1.
While this LTE LAA procedure can be reused in NR-U when either CBG-based or TB-based re-transmissions are configured, the way how Z is determined must be changed to account for CBG-based HARQ-ACK feedbacks. In fact, if per-CBG retransmission is configured, feedback is provided per CBG and the CBG information is encoded in the CBG transmission information (CBGTI), which contains 0, 2, 4, 6, or 8 bits for both DL and UL. This bitmap, with one bit per CBG is fed back instead of a single bit representing the whole transport block (TB).  
Along the ETSI BRAN [11], the following rules on how to adjust the CWS are provided:
“An Initiating Device shall operate at least one and no more than four different Channel Access Engines each with a different Priority Class as defined in clause 4.2.7.3.2.4:
1. The Channel Access Engine shall set CW to CWmin.
1. The Channel Access Engine shall select a random number q from a uniform distribution over the range 0 to CW. Note 2 in table 7 defines an alternative range for q when the previous or next Channel Occupancy Time is greater than the maximum Channel Occupancy Time specified in table 7.
      ……
1. When the Channel Occupancy has completed, and it has been confirmed that at least one transmission that started at the beginning of the Channel Occupancy was successful, the Initiating Device proceeds with step 1) otherwise the Initiating Device proceeds with step 8).
The Initiating Device may retransmit. If the Initiating Device does not retransmit the Channel Access Engine shall discard all data packets associated with the unsuccessful Channel Occupancy and the Channel Access Engine shall proceed with step 1). Otherwise, the Channel Access Engine shall adjust CW to ((CW + 1) × m) - 1 with m ≥ 2. If the adjusted value of CW is greater than CWmax the Channel Access Engine may set CW equal to CWmax. The Channel Access Engine shall proceed with step 2). “
According to this set of rules, the ETSI BRAN mandates that if at least one “transmission” that started at the beginning of the channel occupancy time was successful, the Initiating Device may reset the contention window. However, it is important to remark that the ETSI BRAN does not provide any clear guidance on how to interpret the term “transmission”, and therefore to reduce any possible risk of non-compliance, it is advisable to be cautious and conservative in the interpretation of the regulatory requirements.  In LAA Rel. 13, the term “transmission” was mapped to the concept of TB transmission, and the CWS adjustment was tailored based on this assumption. For an NR-U system, CBG based transmissions may be enabled, however a CBG can be only seen as a portion or part of a TB, and cannot be interpreted as a transmission unit.
With this in mind, even if CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of the TB is NACK’ed, similarly as in LTE LAA. In the same manner, if some UEs may be configured with CBG based transmissions, while others may perform TB based transmissions in the same reference burst, the value of Z should be calculated in terms of TBs as in LTE, and for those CBG based transmissions, a TB would be counted as a NACK if at least one of the currently transmitted CBGs of that TB is NACK’ed.
Proposal 21: For DL CWS adjustment, if CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of that TB is NACK’ed.

Similar to LTE LAA, for the CA deployment based on how scheduling is performed (e.g. self-scheduling or cross-carrier scheduling) the way how the ‘DTX’ feedback would be interpreted toward the CWS adjustment may be different. In particular, in the case that the PDCCH is transmitted in a separate channel, ‘DTX’ should be ignored, and when PUCCH is transmitted in the same channel, it is an indication that there may be a collision.  Thus, ‘DTX’ should be treated as a NACK.
Proposal 22: For CA deployment, if the HARQ-ACK value corresponding to a PDSCH transmission is scheduled by gNB on the same channel, ‘DTX’ is counted as a NACK.  Otherwise, it is ignored.




Now for UL in eLAA, if the UE transmits transmissions using Type 1 channel access procedure that are associated with channel access priority class on a carrier, the UE maintains the contention window value  and adjusts  for those transmissions before step 1 of the procedure described in sub clause 15.2.1.1,  using the following procedure
-	if the NDI value for at least one HARQ process associated with HARQ_ID_ref is toggled, 


-	for every priority class set 


-	otherwise, increase  for every priority class to the next higher allowed value; 
In NR-U, the general procedure described above can be reused if the UE performs TB based transmission. However, it is important to consider also the case when CBG-based transmissions are configured. In this case, following the same criteria for DL, then the UL CWS is reset to its minimum value if the NDI value which is provided per TB is toggled.
Proposal 23: If CBG-based transmission is configured on GB resources, the UL CWS will be reset to its minimum value if within the reference burst there is an NDI value toggled. Otherwise, the CWS should be increased.

9. 3 Handling of CWS Adjustment when UL Channels are Transmitted on Unlicensed Carriers
Unlike LTE LAA, several new deployment scenarios have been envisioned for NR-U, including some cases where all UL channels will be transmitted on an unlicensed carrier including PUSCH, PUCCH, and PRACH (e.g. standalone scenario and dual connectivity scenario). In this specific case, due to the LBT failures at the UE side, it is not guaranteed that the UE’s HARQ-ACK feedback is received by the gNB before the next DL transmission. In this case, some rules may need to be defined as to how the CWS should be adjusted in absence or late reception of the HARQ-ACK feedback information. In principle, the problem described here is very similar to what is specified for the UL CWS adjustment for autonomous UL transmissions in LAA, and similar rules could be defined for DL CWS case in NR-U. For instance, a new timer can be introduced, and the following high level procedure can be used:
· When DL data is transmitted, the timer is started;
· If no HARQ-ACK feedback is received and the timer has not yet elapsed, CWS may remain unchanged; 
· If the timer elapses and no HARQ-ACK feedback is received, the CWS is increased to the next higher value; 
· If the feedback for one or more previous Cat-4 LBT DL transmission is received after the timer expired without reception of any feedback, then 
· Step 1: revert the CWS to the value used to transmit the first burst of previous Cat-4 LBT transmission(s); 
· Step 2: update the CWS sequentially in order of the transmission:
· if the feedback indicates ACK for the reference PDSCH(s) of that burst, CWS is reset;
· else (if the feedback indicates NACK or there is no feedback), the CWS is doubled.
Proposal 24: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, similar rules as that used for the UL CWS adjustment for AUL in FeLAA are adopted for the DL CWS adjustment.
In those deployment scenarios where all UL channels will be transmitted on an unlicensed carrier, it is necessary to consider whether PUCCH and PRACH should be included within the CWS adjustment mechanism or not. In both IEEE 802.11ac [12] and IEEE 802.11ax [13], no CWS adjustment is done for the Block Ack frames, which are used to carry unicast ACK/NACK information, but CWS is instead adjusted for management frames such Probe Request/Probe Response Frames, which have a high resemblance with the PRACH signals in the NR design. That said, by following the behaviour of the Wi-Fi technology, no CWS adjustment is performed for PUCCH. 
Proposal 25: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, the UL CWS adjustment mechanism does not account for PUCCH transmissions.
Given that Msg2 can be considered as a response to a PRACH, when a PRACH transmission occurs, the UL CWS adjustment should be updated according to the following high level procedure:
· If Msg2 or Msg4 for 4-step RACH or msg B for 2-step RACH are not correctly detected within the anticipated reception window, the CWS is increased to the next higher value up to the maximum value;
· Otherwise, CWS is reset.
Notice that the above mechanism alone suffers from the fact that multiple UEs might potentially chose the same PRACH preamble, and by receiving Msg2 it is not possible for the UE to determine whether this is due to the successful reception of the PRACH preamble, or whether the transmitted preamble was not received and the Msg2 is intended for another UE that has picked the same preamble. To cope with this issue, if Msg2 is correctly received but Msg4 is not correctly received, then the CWS value is reinstated to the value before the update by correct Msg2 reception, and it is further increased to the next higher value.
Proposal 26: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, the UL CWS adjustment mechanism accounts for PRACH transmissions based on procedure described above.
While as described above the UL CWS adjustment mechanism must account for different types of transmissions, in order to simplify the UE procedure and complexity, a single CWS counter can be adopted at the UE for each priority class for all the transmission types. 
Proposal 27: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, a single CWS counter is adopted at the UE for each Cat-4 priority class for all the transmission types.
9. 4 CWS Adjustment for Wideband Operation 
In LTE LAA, multi-carrier operation is supported for DL, and following the ETSI BRAN guidelines [11] two types of LBT procedure, and their related CWS adjustment rules were agreed:
· Type A - In this case, the CWS adjustment is performed by using one of the following solutions:
· Type A1: the CWS adjustment is maintained per each carrier. Furthermore, if eNB ceases transmission over one carrier, it resumes to decrease the counter for all other carriers if the channel is idle for 4 CCA or after reinitializing the value of the counter.
· Type A2: CWS adjustment is done in a common manner and by associating the highest CWS value across carriers to all carriers. Furthermore, if eNB ceases transmission over one carrier, then the eNB reinitializes the counter for all carriers.
· Type B - In this case, the CWS adjustment is performed by using one of the following solutions:
· Type B1: the CWS adjustment is maintained for a set of carriers. In this case, the LTE LAA behavior is used with the distinction that a CWS is increased if NACK is determined in all carriers within the reference subframe.
· Type B2: CWS adjustment is maintained independently for each carrier. 
While the aforementioned CWS adjustments methods were defined in LTE LAA for DL only, they can be reused for NR-U for both UL and DL when wideband operation is enabled, and they can be applied per bandwidth part (BWP).  
Proposal 28: The CWS rules defined in Rel. 13 for multi-carrier operation are reused.
While the details for the wideband operation in NR-U are still under discussion within this WI, it is common understanding that the device operation will be characterized by two different phases when wideband operation is enabled:
· Phase 1: This is a LBT ramp-up phase. After performing LBT, the device performs transmission over the bandwidth over which LBT has succeeded, but is not capable to prepare in advance all the transmissions based on possible LBT outcomes. Since the device only prepares a transmission over the wider available bandwidth, prior to perform transmission the gNB may need to puncture data over the LBT bandwidths that have not succeeded. 
· Phase 2: After a certain amount of time, the gNB may schedule data only using the bandwidth over which LBT has succeeded.
An illustration of this concept is provided in Fig. 12.

[image: ]
Fig. 12 – Illustration of a device operation when wideband operation is enabled.

For wideband operation, the CWS adjustment mechanisms adopted for a single operational channel can be reused. However, some special considerations must be drawn to account for the punctured PDSCH(s) that may occur at the beginning of a reference burst due to possible LBT failures. If a gNB initially configures its transmission for a given BWP, as an example 60 MHz BW, but only two of the three LBT BWs succeed, then puncturing will be applied to the part of the PDSCH transmission initially mapped into the LBT BW for which the LBT has failed. In this case, it is more likely that the UE may not be able to decode successfully this punctured PDSCH transmission and report a NACK. The implication will be that if a single CWS adjustment mechanism is maintained for all carriers, receiving a NACK may induce to double the CWS window, even though the transmission has been actually performed over a narrower bandwidth and the PDSCH has been punctured in the LBT BW where an LBT failure occurred. In order to avoid this unfairness in the CWS adjustment mechanism, then:
• If there is at least one non-punctured PDSCH(s) within the reference burst for which at least some HARQ-ACK feedback is expected to be available, then the CWS adjustment is performed accounting for feedbacks related to non-punctured PDSCH only. 
• If there are only punctured PDSCH(s) within the reference burst for which at least some HARQ-ACK feedback is expected to be available, then the CWS adjustment is performed accounting for feedbacks related to punctured PDSCH(s) only.
This principle may be also applied to the case when puncturing also occurs due to pre-emption of an eMBB packet due to higher priority transmissions (i.e. URLLC transmission), since this behaviour is not predictable, and may effect negatively the CWS adjustment without properly reflecting the contention of the channel.  
Proposal 29: For the cases when puncturing occurs at the beginning of a wideband operation due to LBT failure or when puncturing occurs due to preemption of eMBB packets due to higher priority transmissions, then: 
• If there is at least one non-punctured PDSCH(s) within the reference burst for which at least some HARQ-ACK feedback is expected to be available, then the CWS adjustment is performed accounting for feedbacks related to non-punctured PDSCH only. 
• If there are only punctured PDSCH(s) within the reference burst for which at least some HARQ-ACK feedback is expected to be available, then the CWS adjustment is performed accounting for feedbacks related to punctured PDSCH(s) only.
In an LS provided by RAN4 [14], it was pointed out that wideband operation is feasible at least if PRBs within the guardband of two contiguous LBT sub-bands are not scheduled by the gNB, and it was left for future study how to manage the filter adaptation time. At least during filter adaptation time, puncturing may occur when there is overlapping of resources between a scheduled RBG and a guard band. However, in this case since the puncturing may be avoided through a proper scheduling, no special considerations should be drawn for this case, and the punctured and non-punctured PDSCH(s) occurring within the reference burst due to this issue should be equally accounted within the CWS adjustment mechanism. 
Proposal 30: For the case when puncturing occurs in wideband transmissions due to overlapping resources between a scheduled RBG and the guard band, the feedback from both punctured and non-punctured PDSCH(s) occurring within the reference burst are equally accounted within the CWS adjustment mechanism.  
Frame Based Equipment
During the RAN#1 98bis meeting [8], the following agreement was made:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
FFS: Signaling for FBE operation, when the UE operates as an initiating device
Regarding the indication of the fixed frame period (FFP), it is important to notice that the ETSI BRAN guidelines [11] mandate that within each FFP, the channel occupancy time acquired by the initiating device shall not be greater than 95% of the fixed frame period, and at the tail of each FFP an idle period of at least 5% of the COT should be left with a minimum of 100 μs. Due to this last constrain, if the FFP is shorter than 2 ms, then the spectral efficiency is highly impacted. In order to illustrate this concept, Fig. 12 shows the maximum percentage of the FFP that can be used as a COT under the limitation that an idle period is at least 100 μs long, as a function of the FFP length. Fig. 12 highlights that if the FFP is shorter than 2 ms, then the percentage of FFP which can be used as a COT becomes less than 95 %. 
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Fig. 12 – Maximum percentage of the FFP which can be used as a COT as function of the FFP length.

Observation 4: Considering that the regulatory requirements for FBE imposes a minimum idle period of 100 μs, if the FFP is less than 2 ms, then the spectral efficiency is affected. 
That said, the FFP length should be decided according to the following rules:
1. A FFP shall be larger than 2 ms to guarantees the highest spectral efficiency,
2. the regulatory requirements impose a strict rule on the allowed change of FFP in time (i.e., once every 200 ms), 
3. FBE aims to minimize the changes from the Rel. 15 design, and therefore the length of the FFP should be chosen such that to avoid cross-FFP scheduling and feedback transmissions.
With the aforementioned rules in mind, the value of the FFP should be configured among values that are between 2 and 10 ms. When the gNB operates as an initiating device, this information should be available to the UE at the earliest opportunity, so that the UE can operate in FBE mode, and comply with the rules discussed in the following of this section. If the FFP length is indicated in the SIB1 as an optional field, its absence or presence implicitly signal whether the UE should follow the LBE or FBE channel access procedure, respectively.
Proposal 31: The FFP length is signalled in the SIB1 as an optional field. In case this field is not provided by the network, the UE follows the channel access procedure of LBE; otherwise the UE follows the channel access procedure for FBE.
As for the starting positions of the FFP, considering that the use case is mainly for a contained area with single operator, there is no strong motivation in introducing this additional level of flexibility and a starting position offset to the FFP. Furthermore, the starting position will be relative in time to the beginning of a radio frame. However the radio frame itself can start in absolute timing at any time. Therefore, there is not a real need to apply a flexible offset to the start of the FFP relative to the radio frame, since the radio frame itself can start anytime. In particular, if the first FFP is aligned with the radio frame boundary and the length of the radio frame is divisible by the FFP length, then the indication of the starting position of the FFP can be implicitly derived from the FFP length itself.
Proposal 32: Regardless of the length of a FFP, the first FFP of an initiated device is aligned with a radio frame boundary.
According to the regulatory requirements [11, Sec. 4.2.7.3.1.4 and Sec. 4.2.7.3.1.5], an initiating device is mandated to grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current FFP:
· Sec. 4.2.7.3.1.4: “(3) An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.”
· [bookmark: _GoBack]Sec. 4.2.7.3.1.5: “Clause 4.2.7.3.1.4, point 3) describes the possibility whereby an Initiating Device grants an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Fixed Frame Period.”
Above clauses can be simply interpreted that transmissions from responding devices are only allowed if any authorization is granted by an initiating device within the current channel occupancy time or FFP. If the gNB is the initiating device, which initiates the transmission and provides a scheduled grant to its associated UE(s) within the current FFP, a UE is considered as the responding device, which receives a scheduled grant to transmit within a specific FFP from the gNB. With that said, this regulatory constraint does not allow in principle to transmit the PRACH preamble within a FFP for which the COT has been initially acquired by the gNB, unless the UE receives an explicit or implicit grant from the gNB. For this purpose, in order to comply with the regulatory requirements, a gNB can transmit the DMRS within the first CORESET of its burst, and this can be interpreted by the UE as a grant for PRACH transmission within the current FFP.
Proposal 33: To comply with the regulatory requirements, a UE performs PRACH transmission within the current FFP only if it is able to assess the presence of the DMRS within that FFP.
The aforementioned regulatory requirement also forbids any cross-FFP scheduling of UL transmissions and any cross-FFP HARQ scheduling, since it clearly and specifically mandates that a responding device is allowed to transmit within a FFP only if the transmission grant for that transmission is provided within the same FFP. Therefore, the length and configurability of a FFP is impacted, and a FFP should be configured to be long enough to allow intra-FFP scheduling and HARQ report, and also to allow the UE to cope with the related processing times.  This problem may be solved through different approaches:
1. The scheduling procedures designed for the LBE are reused, and it is up to the gNB to properly configure the K1 and/or K2 values so that cross-FFP scheduling does not occur.
2. The scheduling procedures designed for the LBE are reused with the exception that the value of K1 and/or K2 are upper bounded so that regardless of the value chosen by the gNB cross-FFP does not occur.
3. The HARQ procedure can be modified such that the HARQ-ACK is always transmitted within a specific slot(s) of the FFP or in a specific slot(s) of each UL bursts within a valid FFP, where the HARQ-ACK feedback is applicable and valid only for those slots that meet the minimum processing time. 
4. Each group of PDSCH transmisisons are associated with a group index, and the gNB can assign different values to different groups at a different time. A gNB may trigger a HARQ-ACK transmission for the group of PDSCH transmissions within the same FFP, but also if needed, it may trigger HARQ-ACK feedback for a previous group of PDSCH that belongs to a different FFP and/or within the same FFP. This is illustrated in Fig. 16. Since HARQ-ACK for the blue PDSCHs with C-DAI=1/2/3 cannot be scheduled within the FFP, non-numerical K1 could be used for the scheduling of the three blue PDSCHs. In this way, PUCCH resource for HARQ-ACK transmission in next FFP is not scheduled, i.e. no cross-FFP scheduling of PUCCH resource. A group index =1 is assigned to the three blue PDSCHs and two more PDSCHs with C-DAI=4/5 in the next FFP. UE can then derive the PUCCH resource U2 for HARQ-ACK in the next FFP according to the DCIs scheduling PDSCHs with C-DAI=4/5. HARQ-ACKs for all 5 blue PDSCHs are transmitted on U2,  if the group of green PDSCH with C-DAI=1 and 2 with group = 0 fails in HARQ-ACK transmission in PUCCH resource U1. The DCIs scheduling PDSCHs with C-DAI=4/5 may indicate UE to report HARQ-ACKs for both group 0 and group 1. That is, HARQ-ACK for seven PDSCHs are reported on U2. 



Fig. 16 – Dynamic HARQ-ACK codebook based on groups.
Proposal 34: In FBE, in accordance with ETSI BRAN regulation only intra-FFP scheduling and HARQ report are allowed.
Based upon the regulatory requirements, even if a responding device (a.k.a a UE) is scheduled to transmit on a certain FFP, it is only allowed to transmit if the initiating device (a.k.a. gNB) succeeds to perform Cat-2 LBT on that FFP, which is indicated as a valid FFP. Therefore, before a UE performs a transmission it needs to assess whether a FFP is valid or not. In this matter, a UE can perform the detection of the first CORESET, which will be configured to be transmitted at the beginning of the COT and will contain the DMRS, which is used within a FFP to assess whether that is valid or not, and whether the UE is allowed to perform a transmission or not within the COT. More details are discussed in our companion tdoc related to the DL channel agenda [17].
Proposal 35: For FBE, in order to assess whether a COT is acquired by the gNB and is valid, or the gNB has failed to perform the Cat-2 procedure and the current FFP is not valid, a UE performs a presence detection of the first CORESET within that FFP.
Another aspects for the FBE design is whether or not a UE should be allowed to operate as an initiating device. If a UE operates as an initiating device, to make sure the UE meets the aforementioned regulatory requirements the gNB scheduling the UE transmission must keep memory of its FFP length and starting position, which may not be the same as that of the gNB itself. With this said, the scheduler complexity scales with the number of UEs that a gNB serves. Furthermore, given that the FFP of a UE and the gNB may not overlap, this may have impact on their ability to acquire the channel, since according to the regulatory requirements for FBE, a FFP is acquired only if CCA succeeds right before the FFP, so if the FFP of these two device does not overlaps, then the UE and the gNB will block each other, and this will become even more exacerbated as the number of UEs scheduled by the gNB increases. If the FFP length and starting position of both the UE and the gNB coincide, this will make the UE and gNB competing devices in terms of channel access procedure, and this approach may result in a very poor spectral efficiency. For the reasons listed above, for a UE configured to operate in FBE mode, that UE shall not be allowed to perform any transmissions as an initiating device.
Proposal 36: When a UE is configured to operate in FBE mode, the UE shall not be allowed to perform any transmissions as an initiating device.

Conclusion
In this contribution, we discussed several aspects related to the channel access mechanism, and made the following proposals and observations: 
Proposal 1: When operating with a 10 MHz BW, the ED threshold used for all power levels in the LBT procedure is 3dB lower than the one used when operating with a 20MHz BW if the maximum PSD remains the same. To evaluate the exact ED threshold value, the following formula is used:



Proposal 2: When operating with 10 MHz BW, the ED threshold is calculated by setting PH to 30 dBm.
Proposal 3:  The RRC parameter ‘maxEnergyDetectionThreshold-r16’ has range from -75 to -52 dBm.
Proposal 4:  The RRC parameter ‘maxEnergyDetectionThreshold-r16’ and ‘energyDetectionThresholdOffset-r16’ are defined per UE.
Proposal 5: The RRC ED Threshold ‘ULtoDL-CO-SharingED-Threshold-r16’ is configured per UE.
Proposal 6: The RRC parameter ‘ULtoDL-CO-SharingED-Threshold-r16’ has range from -75 to -52 dBm.
Proposal 7: The RRC parameter ‘ULtoDL-CO-SharingED-Threshold-r16’ should be renamed to ‘ULtoDL-CO-SharingMaxED-Threshold-r16’.
Observation 1:  16us LBT is an optional and untested feature in Wi-Fi.  The feature can be disabled for the following 2 cases: 
1) Trigger frames in 802.11ax that require an uplink frame that is shorter than 584us long 
2)  Null Data Packet (NDP) Feedback Report (NFRP) Trigger frame
Observation 2: The use of 2 measurement windows in 25us CAT2 LBT provides significant gains over the use of 2 measurement windows in 16us CAT2 LBT from the perspective of minimizing the probability of misdetection.
Proposal 8:  Either Alt1 or Alt3 are viable definitions for the CAT-2 LBT procedure within a 16us gap.
Observation 3: When the DRS periodicity is 20ms and the total duration of DRS is 1ms, three DRS transmissions may occur in the 50 ms observation window leading to a total duration larger than 2.5ms.  
Proposal 9: For DRS with CAT-2 LBT, the following rules are used:
· For 20 ms DRS periodicity, 1 ms DRS is not allowed in countries or regions that follow ETSI BRAN regulation. The compliance to this rule is left to gNB’s implementation.   
· For 40 ms DRS periodicity, 1 ms DRS is allowed.
· For 80 and 160 ms DRS periodicity, DRS duration can be extended to 2.5 ms.
Proposal 10: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap duration less than or equal to 16us, if UL burst duration is less than 584us, then CAT1 LBT is used.  If UL burst duration is greater than or equal to 584us, Cat2 LBT is used. 

Proposal 11: When a UE shares its initiated COT with a gNB, a gNB is allowed to perform Cat-1 LBT if the gap between UL and DL is less than or equal to 16us, and the duration of the DL transmission is less than 0.584 ms.
Proposal 12: For the CP extension prior to at least a dynamically scheduled PUSCH transmission PUSCH transmission, the CP extension is in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The duration of CP extension is limited to 1 OFDM symbol and is given by:
· for 15/30/60 kHz SCS: 
· 0  (i.e. no CP extension) 
· C1*symbol length – 25 us 
· symbol length x – 16 us – TA 
· symbol length x – 25 us – TA
C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS 

Proposal 13: The N2 timeline equation Tproc,2  in 38.214 Section 6.4 is modified as follows to account for the CP extension (: 

where is the duration (in time) of CP extension indicated by the uplink grant.

Proposal 14: The same CP extensions defined for scheduled PUSCH transmission are also applied to PUCCH-only transmission.
Proposal 15: The CP extensions that may be dynamically used by a UE at a given time are not configurable.
Proposal 16: For UE transmissions, LBT scheme, PUSCH starting position, and CAPC are indicated in DCI 0_0/0_1 as shown in Table I, where only 3 bits are required. 
Proposal 17: LBT, starting position, and CAPC are indicated as a separate fields of UL grant in RAR. Details of RAR structure is as shown in Tables I and II.  
Proposal 18: The wideband LBT mechanisms from LAA are reused. 
Proposal 19:  The following agreements should be modified as follows:
Agreement: For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.
Note: The CO that is referred to here is the most recent CO and the reference burst is one for which at least some HARQ-ACK feedback is expected to be available.

Agreement: For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.
Note: The CO that is referred to here is the most recent CO and the reference burst is one for which at least some HARQ-ACK feedback is expected to be available.
Proposal 20: A reference burst starts at least N symbols prior to the end of the CORESET containing the following UL grant or a DFI-DCI, where N is configurable. 
Proposal 21: For DL CWS adjustment, if CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of that TB is NACK’ed.
Proposal 22: For CA deployment, if the HARQ-ACK value corresponding to a PDSCH transmission is scheduled by gNB on the same channel, ‘DTX’ is counted as a NACK.  Otherwise, it is ignored.
Proposal 23: If CBG-based transmission is configured on GB resources, the UL CWS will be reset to its minimum value if within the reference burst there is an NDI value toggled. Otherwise, the CWS should be increased.
Proposal 24: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, similar rules as that used for the UL CWS adjustment for AUL in FeLAA are adopted for the DL CWS adjustment.
Proposal 25: When NR-U operates so that the UL HARQ-ACK feedback transmissions are provided over an unlicensed carrier, the UL CWS adjustment mechanism does not account for PUCCH transmissions.
Proposal 26: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, the UL CWS adjustment mechanism accounts for PRACH transmissions based on procedure described above.
Proposal 27: When NR-U operates so that all UL transmissions are performed over an unlicensed carrier, a single CWS counter is adopted at the UE for each Cat-4 priority class for all the transmission types.
Proposal 28: The CWS rules defined in Rel. 13 for multi-carrier operation are reused.
Proposal 29: For the cases when puncturing occurs at the beginning of a wideband operation due to LBT failure or when puncturing occurs due to preemption of eMBB packets due to higher priority transmissions, then: 
• If there is at least one non-punctured PDSCH(s) within the reference burst for which at least some HARQ-ACK feedback is expected to be available, then the CWS adjustment is performed accounting for feedbacks related to non-punctured PDSCH only. 
• If there are only punctured PDSCH(s) within the reference burst for which at least some HARQ-ACK feedback is expected to be available, then the CWS adjustment is performed accounting for feedbacks related to punctured PDSCH(s) only.
Proposal 30: For the case when puncturing occurs in wideband transmissions due to overlapping resources between a scheduled RBG and the guard band, the feedback from both punctured and non-punctured PDSCH(s) occurring within the reference burst are equally accounted within the CWS adjustment mechanism.  
Observation 4: Considering that the regulatory requirements for FBE imposes a minimum idle period of 100 μs, if the FFP is less than 2 ms, then the spectral efficiency is affected. 
Proposal 31: The FFP length is signalled in the SIB1 as an optional field. In case this field is not provided by the network, the UE follows the channel access procedure of LBE; otherwise the UE follows the channel access procedure for FBE.
Proposal 32: Regardless of the length of a FFP, the first FFP of an initiated device is aligned with a radio frame boundary.
Proposal 33: To comply with the regulatory requirements, a UE performs PRACH transmission within the current FFP only if it is able to assess the presence of the DMRS within that FFP.
Proposal 34: In FBE, in accordance with ETSI BRAN regulation only intra-FFP scheduling and HARQ report are allowed.
Proposal 35: For FBE, in order to assess whether a COT is acquired by the gNB and is valid, or the gNB has failed to perform the Cat-2 procedure and the current FFP is not valid, a UE performs a presence detection of the first CORESET within that FFP.
Proposal 36: When a UE is configured to operate in FBE mode, the UE shall not be allowed to perform any transmissions as an initiating device.
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