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1	Introduction
This document summarizes the main issues brought forward in the contributions submitted to AI 7.2.2.2.1, Channel Access Procedures. Earlier agreements reached during the Study Item are captured in TR 38.889. NR-U study item discussed and studied several aspects related to channel access procedures, including LBT mechanisms, LBT options for different DL and UL channels, receiver assisted LBT, directional LBT, etc. Multiple options and design principles for channel access procedure have agreed and been captured into TR 38.899 [1]. The latest approved WID is in RP-191575. Furthermore, RAN#84 also endorsed priorities for the remaining work in the NR-U WI in RP-191581. For channel access the following points are identified as either essential or optimization:
Essential
· 16us cat 2 LBT detailed design
· [bookmark: _Hlk16500867]Signaling support for LBT type/priority indication
· CWS adjustment, including reference slot definition, processing timeline, what if no feedback expected or available, CWS adjustment for wideband operation and CG
· Channel access mechanism details for FBE
· UE to gNB COT sharing
Optimizations
· [bookmark: _Hlk16756201]Max TX duration follow cat 1 LBT
· Max number of Cat 2 LBT attempts in a 5ms DRS transmission window
· Wideband LBT with common measurement
· Directional LBT
· LBT to facilitate spatial reuse
· Receiver assisted LBT
The agreements made during the NR-U WI are summarized in the APPENDIX. A total of 22 contributions [1-22] were submitted to Channel Access Agenda Item (7.2.2.2.1). This contribution summarizes the proposals made in those contributions. 
[bookmark: _Hlk16844746]2	16us cat 2 LBT detailed design
In RAN1#97 it was agreed to support 16 µs Cat2 LBT: 
Agreement:
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:
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. 
The remaining question is where exactly the energy measurement should take place within the 16 µs gap.  
FL Summary
Support for different alternatives is as follows:
Alt 1: KRRI, ZTE, Huawei, HiSilicon, Charter Communications, Intel, Sharp, Ericsson, MediaTek, Qualcomm, WILUS, Sony, LG (13)
Alt 2: Nokia, Nokia Shanghai Bell, Broadcom (3)
Alt 3: Charter Communications, Intel, Ericsson, MediaTek, NTT DOCOMO, LG (6)
Discuss the above alternatives and decide in the meeting.
	KRRI
	Proposal 1: We propose to support Alt 1 for Cat 2 LBT in the 16us gap.

	ZTE, Sanechips
	Proposal 1: From the respective of minimizing the impacts of specification and the fairness of coexistence, Alt 1 that Cat-2 LBT with 16 µs consists of a duration Tsl = 9 µs immediately followed by a slot duration Ti = 7 µs and Energy measurement is done in the Tsl = 9 µs slot with the measurement including averaging for at least 4 us in any portion of the Tsl = 9 µs slot should be supported.

	Huawei, HiSilicon
	Observation 1: Under Alt 3, the device would not be obliged to perform the energy measurement in the 9us immediately before the potential transmission start.
Observation 2: Alt 2 imposes stringent hardware requirements on the device, whereas the performance benefit in terms of improving the measurement averaging is not obvious due to the short time span between the two measurements and the less likelihood of a coexisting node to access the channel during that short gap. 
Proposal 11: For CAT2 LBT in a 16 us gap, Alt 1 is supported.

	Charter Communications
	Proposal 3: Adopt either Alt-1 or Alt-3 for Cat 2 LBT in a 16 µs gap.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Alt 2 from RAN1#97 is adopted as the definition for 16 µs LBT:
-	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. 
o	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.

	Intel Corporation
	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 than the use of 2 measurement windows in 16us CAT2 LBT from the perspective of minimizing the probability of misdetection.
Proposal 3:  Either Alt1 or Alt3 are viable definitions for the CAT-2 LBT procedure within a 16us gap.

	Sharp
	Proposal 1: 
•	Take Alt 1 for 16s Cat-2 LBT, i.e. energy measurement is done in the last 9s slot with the measurement including averaging for at least 4 s in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold.

	Ericsson
	Proposal 3	It is sufficient to sense the channel only once within the 16us gap, i.e. consider either Alt 1 or Alt 3 for Cat2 LBT in a 16us gap.

	MediaTek Inc.
	Observation 1: The chance is slim that devices other than the initiating device and the responding device can occupy the channel by performing a successful LBT within 16us to 25us gaps.
Observation 2: Per regulation, the responding device is not required to conduct more than one CCA even when the gap is larger than 16us. 
Proposal 1: For Cat2 LBT in a 16us gap, Alt 1 or Alt 3 from RAN1 #97 is supported.
•	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. 
o	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 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.

	Qualcomm Incorporated
	Proposal 10:  Support 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.

	NTT DOCOMO, INC.
	Proposal 1: In case of 16 us Cat.2 LBT, 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.

	WILUS Inc.
		Proposal 1: We propose to support Alt-1 that channel sensing is performed only in the 9us slot with the measurement including averaging for at least 4us in any portion of the slot without any additional definition of slot duration for sensing the channel.
	Proposal 2: It is necessary to discuss and specify how to handle channel access after failure of 16us Cat-2 LBT by a UE for NR-U operation.



3		Signaling support for LBT type/priority indication
FL Summary
One of the open items identified as essential is the indication of LBT related information for the UE. When operating within a shared gNB-acquired COT, the UE does not know what LBT type, CAPC and gap duration it should assume unless it is told by the gNB. A few options for indicating the LBT related parameters for the UE were identified, as listed below:
Discuss in the meeting which of the following to support:
UL grant and RAR includes:
· LBT type (Cat1, 16 us Cat2, 25 us Cat2, Cat 4)
· CAPC 
· PUSCH starting position within a symbol (CP extension)
· Set of supported values?:
· symbol boundary 
· (16us after the symbol boundary)
· 16us + TA after the symbol boundary
· 25us after the symbol boundary
· 25us + TA after the symbol boundary
· …

DL assignment includes:
· LBT type for PUCCH
· PUCCH starting position (CP extension)
· Set of supported values?:
· symbol boundary 
· 16us after the symbol boundary
· 16us + TA after the symbol boundary
· 25us after the symbol boundary
· 25us + TA after the symbol boundary
· …

GC-PDCCH includes:
· Indication of whether COT sharing is allowed or not 
· CAPC
· …
Note: The coding related aspects (joint vs. separate, which combinations to support, etc.) can be discussed once the indicated properties have been agreed.   

FL Proposal:
 For the CP extension prior to a 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 are:
· for 15 kHz SCS: 
· 0 (i.e. no CP extension) 
· symbol length – 25 us 
· symbol length – 16 us - TA 
· symbol length – 25 us – TA
· for 30 kHz SCS: 
· 0 (i.e. no CP extension) 
· symbol length – 25 us 
· 2 times symbol length – 16 us – TA 
· 2 times symbol length – 25 us - TA
· for 60 kHz SCS: 
· 0 (i.e. no CP extension) 
· 2 times symbol length – 25 us 
· 2 times symbol length – 16 us – TA 
· 2 times symbol length – 25 us - TA


	ZTE, Sanechips
	Proposal 2: LBT type used by UE for UL transmission should be indicated by gNB.
Proposal 3: LBT priority is unnecessary to be indicated to UE when Cat-4 LBT is indicated for SRS-only, RACH-only or PUCCH-only.

	Huawei, HiSilicon
	Proposal 2: For UL LBT type indication for an UL burst within a gNB-initiated CO following a gap of 25us or less, Table 1 (in R1-1910045) is supported.
Note: Key points from Table 1 are as follows:
· CAT2/CAT4 is indicated in UL grant, DL assignment, or GC-PDCCH (COT structure/COT sharing)
· Based on the gap type, CAT1 can be implied from CAT2 indication if the UL transmission duration < threshold
Finally, Proposal 10: UL starting point and the LBT type CAT2/CAT4 should be jointly encoded into one field in the DCI.

	Fujitsu
	Proposal 4: Support LBT category switching in NR-U, i.e. a UL transmission scheduled or configured to use Cat-4 LBT can switch to use Cat-2 LBT upon reception of indication in a GC-PDCCH.

	vivo
	Proposal 4: 1 bit in the scheduling DCI is used to indicate if the UE needs to transmit earlier than the scheduled time.
Proposal 5: A 2-bit field is used to indicate the channel access type in the scheduling DCI

	Charter Communications
	Proposal 1: Cat 2 LBT can be indicated explicitly to the UE if the gap is 16 microseconds (allowing for implementation tolerances).

	Samsung
	Proposal 1: NR-U can use an explicit indication method of the LBT type for UL transmission.

	Nokia, Nokia Shanghai Bell
	Proposal 2: UL grant includes an indication of at least:
-	Channel Access Priority Class, Channel Access type, and PUSCH starting position
Proposal 3: LBT related information for transmissions other than PUSCH can be conveyed via GC-PDCCH and possibly also via DL assignments.

	Intel Corporation
	Proposal 5: For UE transmission, LBT scheme, PUSCH starting position, and CAPC are indicated in DCI 0_0/0_1 as shown in Table 1.  
	Index
	LBT type
	PUSCH Starting Position
	CAPC

	0
	CAT-1
	16us + TA
	Not available

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

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

	3
	25us CAT-2
	25us
	Not available

	4
	CAT-4
	0us
	1

	5
	CAT-4
	0us
	2

	6
	CAT-4
	0us
	3

	7
	CAT-4
	0us
	4



Proposal 6: LBT scheme and PUSCH starting position are indicated as a separate fields of UL grant in RAR.  LBT scheme can at least indicate whether the LBT is CAT2/4. The indication of CAT-1 is FFS. Details of RAR structure are FFS.  

	OPPO
	Proposal 1: LBT types including Cat-1 LBT and 16μs Cat-2 LBT should be indicated to UE for channel access for uplink transmission.
	LBT type should be indicated in UL grant for PUSCH transmission.
	LBT type should be indicated in DL grant along with the PDSCH schedules for PUCCH transmission.
Proposal 2: LBT type should be indicated in PDCCH order for PRACH transmission in CF-RACH procedure.
Proposal 3: LBT type set corresponding to multiple DL-to-UL switching points determined by slot format structure should be indicated in GC-PDCCH for all the UEs which plan to transmit within a gNB’s COT.

	LG Electronics
	Proposal #6: If no-LBT option is supported, it is necessary to support the mechanism for configuring/indicating no-LBT option for UL transmission and the gap less than or equal to 16 usec.
Proposal #7: Support indicating 4 LBT types {Cat-1 LBT, 16us Cat-2 LBT, 25us Cat-2 LBT, Cat-4 LBT} and 5 PUSCH starting positions {Symbol#(K-N)+16us, Symbol#(K-N)+16us+TA, Symbol#(K-N)+25us, Symbol#(K-N)+25us+TA } in UL grant, where Symbol#K is indicated as the starting symbol in SLIV and the value of N can be pre-defined or configured differently according to the subcarrier spacing and/or the PUSCH starting position. FFS on details for how to determine the value of N

	Sharp
	Observation 1: 	UL Cat-1/2 LBT requires fractional symbol based PUSCH starting position adaptation to create an appropriate gap length, while PUSCH starting at a symbol boundary is sufficient for UL Cat-4 LBT
Proposal 3: UL LBT category and PUSCH starting position should be jointly indicated in DCI.

	Ericsson
	Proposal 4	The channel access profile field value m of the DCI provides information about LBT category, channel access priority class, and CP extension (see Table 2)
Proposal 5	The LBT type corresponding to the UL control signal is signalled in the DCI triggering the UL control signal transmission. LBT type field is included in: 
-	DCI format 1_0 scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2). The LBT type is applicable to Msg 3 transmission 
- 	DCI format 1_0 and 1_1 scrambled with C-RNTI carrying the DL assignments. The LBT type is applicable to the UL control signal transmission triggered by the DCI.

	MediaTek Inc.
	Proposal 3: For PDCCH-order triggered PRACH, one LBT type among Cat1, 16us-Cat2, 25us-Cat2, and Cat4 is indicated in the PDCCH order.
Proposal 4: For dynamic and semi-persistently configured PUCCH/SRS transmission, one LBT type among Cat1, 16us-Cat2, 25us-Cat2, and Cat4 is indicated in the corresponding scheduling PDCCH.
Proposal 5: An LBT type of either 25us-Cat2 or Cat4 is indicated in MAC RAR for the corresponding PUSCH transmission scheduled by the RAR UL grant. 
Proposal 6: For dynamically scheduled PUSCH transmission, both LBT type and CAPC can be indicated in the scheduling PDCCH. When Cat4 LBT is indicated, the field of CAPC is reserved. UE determines the CAPC for the Cat4 LBT based on the data priority it is transmitting.
•	LBT type: Cat1, 16us-Cat2, 25us-Cat2, and Cat4
•	If an LBT type of Cat1 or Cat2 is indicated, UE cannot transmit data with priority lower than the indicated CAPC value.

	Qualcomm Incorporated
	Proposal 1: LBT type and CAPC are indicated in UL grant in DCI and UL grant in RAR.
Proposal 2: CAPC signalling in DCI should allow setting the CAPC value to be used by the UE to a specific value determined by the gNB or let UE select the CAPC value on its own
Proposal 3: LBT type is also indicated in any other DCI that triggers UL transmission (e.g DCIs leading to PUCCH transmission) 
Proposal 4: The LBT type indication may comprise no LBT, 16us cat-2 LBT, 25us cat-2 LBT and cat-4 LBT
•	The set of LBT types used may be RRC configured or may be implicitly determined (e.g based on whether the gNB is in LBE or FBE mode) and may be different for different signals/channels. Details FFS.
Proposal 5: When 16us cat-2 LBT is signalled corresponding to an UL transmission with multiple starting points, the 16us cat-2 LBT applies to the first starting point. Subsequent starting points use 25us cat-2 LBT.
Proposal 6: For back to back transmissions with possibly different LBT types, UE can skip performing LBT corresponding to a subsequent transmission if
•	LBT passes for an earlier scheduled transmission
•	No gap >16us is expected between these transmissions
•	The LBT priority (based on CAPC value and with cat-4 < 25us cat-2 < 16 us cat-2 < no LBT) corresponding to the subsequent grants are equal or higher than that used by UE to perform the LBT
•	Note: LBT type indicated in grant may be cat-4 but UE may switch to cat-2 based on detecting COT. The LBT type corresponding to this transmission would then be cat-2.
Proposal 7: For UL Tx scheduled with cat-4 LBT, UE may switch at least to 25us cat-2 LBT if it determines the transmission is within a gNB acquired COT
•	FFS: if switching to no LBT/16us LBT is also allowed
Proposal 8: CAPC is included as part of COT-SI 
Proposal 9: DCI shall be used to indicate COT reservation to cover the RACH occasions. UEs can select LBT category accordingly.

	NTT DOCOMO, INC.
	Proposal 2: DCI scheduling/triggering UL transmission indicates channel access type (Cat.4 or not) by using 1 bit and channel access priority class by using 2 bits for the scheduled/triggered UL transmission.




4		CWS adjustment
It is agreed in NR-U SI that “for CWS adjustment procedure in NR-U, in addition to aspects considered in LTE LAA, 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”. In RAN1#98, the agreements were 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.

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.

Agreement:
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

The following points are identified for discussion:
FL Summary: discuss the following points and alternatives in the meeting

Does the CW adjustment depend on the availability of HARQ feedback for the reference duration?
Alt 1a: yes, the reference duration is only considered as valid if there is HARQ feedback available for it. The device keeps the same CW until HARQ feedback is received.
	supported by: Samsung, Intel, Ericsson, Qualcomm(?), WILUS, Sharp
Alt 1b: no, the reference duration is always defined the same way irrespective of availability of HARQ feedback.
	supported by: Nokia, Nokia Shanghai Bell, Huawei, HiSiBroadcom
[LG] The reference duration for the UL and for the DL needs to be treated separately. For the UL, the minimum duration X where the timing between the ending symbol of the PUSCH to the starting symbol of the UL grant needs to be configured. Also, the meaning of HARQ feedback availability for the DL should be clarified.

Criterion for CWS adjustment, single LBT subband (both DL and UL)
For TB based HARQ feedback within a single LBT subband, CW is reset if:
· Alt 2a: at least one “ACK” is received for the TB(s) in the reference burst
· Alt 2b: “ACK” is received for X % of the TBs in the reference slot
· FFS: value of X

For CBG based HARQ feedback within a single LBT subband, and when all CBGs are confined within the LBT subband, CW is reset if:
· Alt 3a: at least one “ACK” is received for the CBG(s) in the reference burst
· Alt 3b: “ACK” is received for Y % of the CBGs in the reference slot
· FFS: value of Y
· Alt 3c: all CGBs associated to at least TB contained in the reference burst are “ACK

Criterion for CWS adjustment, multiple LBT subbands (both DL and UL)
For HARQ (TB or CBG based) feedback spanning multiple LBT subbands while CW is maintained per subband, CW is reset if:
· Alt 4a: the HARQ-ACK value corresponding to a reference burst is assumed NACK if all the TBs or CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT subband are NACKs
· Alt 5b: something else…
For the case when a single CW is maintained for a set of at least two LBT subbands, CW is reset for all those subbands if:
· Alt 5a: At least one ACK (TB or CBG) is received for the reference slot. Else, CWS is increased
· Alt 5b: something else… 

CW for channels without feedback
When Cat4 LBT is used for channels without feedback (e.g. DRS alone or DRS multiplexed with non-unicast data, PUCCH, etc.):
· Alt 6a: CWS is always set to the minimum allowed contention window size
· Nokia, Nokia Shanghai Bell, Qualcomm, Ericsson, MediaTEK, Intel (for DRS alone, DRS multiplexed with non-unicast data, and PUCCH, FFS for RACH-only case)
· Alt 6b: Success of failure of receiving associated channel/signal in response should be used for CWS adjustment
· Alt 6c: Channels without explicit feedback use the CWS last updated by channels with explicit feedback and using the same CAPC if such channels exist; otherwise they use the minimum CWS corresponding to the CAPC.
· Broadcom

Sharp: As long as Cat-4 is used, CWS should be shared among all transmissions with the same CAPC.

CW adjustment for Configured Grant based transmissions
- use Rel-15 LAA mechanism as a starting point was proposed, 
- do not define a separate behavior for CG case
	ZTE, Sanechips
	Proposal 4: If CBG based HARQ-ACK feedback is configured for NR-U, ACK/NACK ratio Z can be counted/determined by one of the following methods:
Ÿ	Alt-1: CBG level ACK/NACK is converted into TB level ACK/NACK. Wherein, the ACK/NACK ratio Z is of TB level.
Ÿ	Alt-2: Redefinition ACK/NACK ratio Z in order to include TB level ACK/NACK and CBG level ACK/NACK.
Proposal 5: For CWS adjustment for configured grant, the CWS adjustment scheme specified in AUL of R14 eLAA can be used as a starting point for study.
Proposal 6: If CWs adjustment for PRACH is supported for NR-U, it is recommended that CWs for PRACH preamble can be adjusted based on the success or failure of reception of Msg 2. 
Proposal 7: For channels and signals without feedback such as PUCCH, SRS and PUSCH without UL-SCH, CWs adjustment can reuse same mechanism as in LET-LAA for UL grant-only transmission, e.g., based on the success or failure of reception of PDSCH transmission in the granted resources.

	Huawei, HiSilicon
	Proposal 15: When CBG based HARQ-ACK is configured, all CBG-ACKs of the same TB could be converted into a virtual TB-ACK for CWS adjustment.
-	Opt1: Virtual TB-ACK is positive if all CBG-ACKs are positive for the same TB
-	Opt2: Virtual TB-ACK is the ratio of negative CBG-ACKs for the same TB
-	Other formulations are not precluded
Proposal 16: The TB-ACK for a wideband TB should be counted repeatedly into the CWS adjustment for each of the LBT bandwidth occupied by the TB for NR-U wideband operations.
Proposal 17: For CWS adjustment in wideband operations, the CBG-ACK only applies to the LBT subband(s) spanned by the CBG.
Proposal 18: The ‘DTX’ on HARQ-ACK feedback corresponding to PDSCH transmission(s) in a reference period should not be counted as NACK in contention window adjustment at least within a window in which additional feedback HARQ-ACK feedback opportunities would be allocated after the reference period.
Proposal 19: When CAT4 LBT is used for transmitting a burst including a channel/signal that is not associated with feedback and not including unicast data, success of failure of receiving associated channel/signal in response should be used for CWS adjustment.
Proposal 20: For 2-step RACH or 4-step RACH, if Msg 1or Msg A is transmitted using LBT CAT4, the UE adjusts the CWS for the following UL transmission based on whether Msg 2 or Msg B, respectively, has been received within the anticipated reception window.
-	The CWS is not adjusted if the following UL transmission occurs before the UE correctly receives Msg 2 or Msg B, respectively.
Proposal 21: For 4-step RACH, if the UE receives Msg 4 yet the contention resolution fails, the CWS shall be increased to the next higher allowed value.

	Fujitsu
	Proposal 1: CWS maintenance methods for multi-carrier channel access schemes in LTE-LAA should be reused by NR-U as much as possible.
•	Support CWS maintenance per LBT sub-band for both gNB and UE in NR-U.
•	Support CWS maintenance per LBT sub-band set for gNB in NR-U.
Observation 1: NR-U will reuse BS RF requirements on transmitter transient period in NR, by which there could be 10-us transmitter transient period after a DL transmission.
Observation 2: It is necessary to clarify the definition of gap for down-selection of alternatives for 16-us Cat-2 LBT.
Proposal 3: If the gap starts from the end of DL transmission regardless of transient period, at least Alt.2 for 16-us Cat-2 LBT should be precluded.

	vivo
	Proposal 2: The CWS adjustment can be based on TB-level HARQ-ACK values.  

	Charter Communications
	Proposal 5: Reuse the HARQ NACK threshold and UL TB reception threshold from LTE LAA for NR-U DL CWS adjustment, if these settings with HARQ feedback delay were used for the majority of the NR-U coexistence evaluations.

	Samsung
	Proposal 2: A reference DL transmission burst can be the most recent burst wherein at least some HARQ-ACK feedbacks corresponding to the reference duration of this burst is expected to be available when gNB adjusts CWS. 
Proposal 3: NR-U gNB can adjust CWS based on a reference duration more than once. 
Proposal 4: NR-U gNB can adjust CWS only based on the HARQ-ACK feedbacks corresponding to the reference duration. 
Proposal 5: CWS is increased to next available value if at least 80% of the TBs transmitted in the reference duration are determined as NACK; and a TB with CBG-based feedback is determined as NACK if the HARQ-ACK value for all (re)transmitted CBGs within this TB is NACK.
Proposal 6: By the timing that gNB performs the CWS adaptation, missed/unavailable HARQ-ACK of reference duration can be not counted towards the current CWS adaptation decision.
Proposal 7: Reuse the RRC configured minimum duration D between PUSCH and DFI carrying HARQ-ACK for that PUSCH for the minimum latency between reference duration and the following UL grant or DFI  for CWS adaption.
Proposal 8: If the signals/channels without HARQ-ACK are transmitted alone or multiplexed only with other non-unicast data within a same transmission burst, the CWS corresponding to the CAT-4 LBT priority class of such signals/channels can remain unchanged.
Proposal 9: CWS for PRACH LBT can increase to the next available value if RAR is not received within the RAR monitoring window; otherwise, the CWS for PRACH LBT can reset to the minimum value.
Proposal 10: CWS for Msg2 with CAT-4 LBT can reset to the minimum value if correct Msg3 corresponding to the transmitted Msg2 is received; otherwise CWS for Msg2 increases to the next available value.
Proposal 11: CWS for Msg3 with CAT-4 LBT can reset to the minimum value if correct Msg4 corresponding to the transmitted Msg3 is received; otherwise CWS for Msg3 increases to the next available value.
Proposal 12: For 2-step RACH, CWS for MsgA PRACH+PUSCH LBT can increase to the next available value if MsgB corresponding to the transmitted MsgA is not received within the RAR monitoring window; CWS for MsgA PUSCH transmission can remain unchanged if fallbackRAR is received and can reset to the minimum value if successRAR is received.
Proposal 13: A single CWS can be maintained across LBT bandwidths for NR-U wideband operation similar to type B1 of LTE-LAA multi-carrier LBT.
Proposal 14: CWS management for different UL BWPs should be defined.

	Nokia, Nokia Shanghai Bell
	Proposal 4: Reference burst definition is always the same irrespective of availability of HARQ feedback.  
Proposal 5. CWS is set to its minimum value after it has been confirmed that at least one transmission (TB or CBG) in the reference burst was successfully received.  
Proposal 6: For HARQ (TB or CBG based) feedback spanning multiple LBT subbands, while CW is maintained per subband, CW is reset if the HARQ-ACK value corresponding to a reference burst is assumed NACK if all the TBs or CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT subband are NACKs. Otherwise, the CWS is increased.
Proposal 7: For the case when a single CW is maintained for a set of at least two LBT subbands, CW is reset for all those subbands if at least one ACK (TB or CBG) is received for the reference burst. Otherwise, the CWS is increased.
Proposal 8. For channels and signals without explicit feedback, the CWS is always kept at its minimum value.
Proposal 9. Reference burst definition and CWS adjustment procedure for CG PUSCH follows the same principle as scheduled transmissions.

	Intel Corporation
	Proposal 13:  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. 
o	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. 
o	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 14: 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 15: 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 16: 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 17: If CBG-based transmission is configured and AUL-DFI is received, the UL CWS will be reset to its minimum value if all of the currently transmitted CBGs of the TB are ACK’ed. Otherwise, the CWS should be increased.
Proposal 18: If CBG-based transmission is configured and UL grant is received, if any individual bits of the CBGTI is set to 1, this will be interpreted as a failure, when the NDI is not toggled (i.e. retransmission) for the same HARQ process, i.e. NACK; otherwise it is considered as successful, i.e. ACK.
Proposal 19: 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 20: 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 21: 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 22: 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 23: The CWS rules defined in Rel. 13 for multi-carrier operation can be used as a baseline.
Proposal 24: 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 25: 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.  

	OPPO
	CWS adjustment for gNB-initiated COT:
Proposal 4: The undetected HARQ-ACK values should be taken as NACK for CWS adjustment if reference PDSCH(s) and corresponding HARQ-ACK values are supposed to be transmitted on same unlicensed CC.
Proposal 5: The undetected HARQ-ACK values should not be counted for CWS adjustment if reference PDSCH(s) and corresponding HARQ-ACK values are supposed to be transmitted on different unlicensed CC.
Proposal 6: CBG-based HARQ-ACK values should be considered separately for CWS adjustment. 
Proposal 7: In case the expected UCI is not detected within the reference duration in a gNB shared channel occupancy:
	If the UCI is expected to be transmitted with UL-SCH, the undetected UCI should not be used for CWS adjustment.
	If the UCI is expected to be transmitted without UL-SCH, the undetected UCI should be used for CWS adjustment.
Proposal 8: If at least one PRACH sequence is detected by gNB in a gNB shared channel occupancy, the CWS can be set to the minimum value; otherwise, the CWS is increased to the next higher allowed value .
Proposal 9: If at least one SRS sequence is detected by gNB in a gNB shared channel occupancy, the CWS can be set to the minimum value; otherwise, the CWS is increased to the next higher allowed value.
CWS adjustment for UE-initiated COT:
Proposal 10: NDI or DFI indications should be used for CWS adjustment as in LAA-LTE in the case PUSCH carries UL-SCH.
Proposal 11: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment. 
Proposal 12: HARQ-ACK feedback in DFI should be used to represent the UCI reception at gNB side for CWS adjustment in the case UCI piggyback on PUSCH without UL-SCH. 
Proposal 13: NFI or NDI indications should be used for CWS adjustment in the case PUCCH is transmitted within reference duration. 
Proposal 14: RAR reception within RAR window should be used for CWS adjustment in the case PRACH is transmitted within reference duration. 
Proposal 15: DL grant indicating Msg4 transmission or Msg3 retransmission should be used for CWS adjustment in the case Msg3 is transmitted within reference duration. 
Proposal 16: SRS reception should not be used for CWS adjustment in the case SRS is transmitted within reference duration.

	LG Electronics
	Proposal #1: The CWS for DRS, PRACH, and PUCCH can be determined and adjusted as following.
•	For DRS only or DRS multiplexed with non-unicast data (when duty cycle is > 1/20 or the total duration is > 1ms) : 
o	The channel access priority class can be determined according to the DRS burst duration and/or the duration of multiplexed non-unicast data.
o	For DRS multiplexed with RAR, the CWS can be adjusted depending on the reception of msg3 corresponding to RAR.
•	For PRACH:
o	The initial CWS value or a group of CWS values can be configured by SIB1.
o	The CWS can be adjusted depending on the detection of PDCCH masked with RA-RNTI or the reception of RAR PDSCH which includes a RAPID corresponding to PRACH transmitted by the UE.
•	For PUCCH:
o	The CWS of UE can be adjusted based on the NDI toggling (within the DL assignment corresponding to a particular reference slot or slot group) and/or New ACK-Feedback Group Indicator.
o	FFS for the case where carrier#1 for PUCCH (or UCI) triggering and carrier#2 for PUCCH (or UCI) transmission are different
Proposal #2: The reference duration for UL CWS adjustment can be defined in the recent UL burst starting before n-X, where n and X correspond to the starting time of UL grant and the minimum time between UL grant and the end of reference duration, respectively, and X is configured by RRC signalling.
FFS on default value of X if X has not been configured yet and relationship between X and D where D can be configured to determine HARQ-ACK validity in CG-DFI (as agreed in RAN1#98 meeting for 7.2.2.2.4 agenda item)
Proposal #3: For the case where a recent UL burst (starting before n-X) contains only punctured PUSCH before n-X, a reference duration for CWS adjustment of the UE can be defined as one of the following alternatives.
(1) Alt 1: Define a reference duration T based on only the PUSCH transmitted over the part of resources allocated for the PUSCH among the unicast PUSCHs in the recent UL burst
(2) Alt 2: Define a reference duration T based on the previous UL burst of the recent UL burst.
Proposal #4: Clarify which slot boundary is the first slot for the definition of reference duration T when gNB adjusts a common CWS for different CCs having different numerologies
Proposal #5: For CWS adjustment with wideband (>20 MHz) operation including BWPs, consider at least following cases.
-	Case 1: Scheduled resource for PDSCH/PUSCH in frequency domain is overlapped with multiple units of 20MHz.
-	Case 2: CWS management when active BWP is changed.

	Sharp
	Proposal 4:	Any transmission (including PUCCH and RACH messages) initiated by Cat-4 LBT should be referred to for CWS update.
Proposal 5:	For CBG based transmission, virtual TB HARQ-ACK is used for CWS update.
o	The virtual TB HARQ-ACK is set to ACK if at least one CBG HARQ-ACK is ACK.
o	The virtual TB HARQ-ACK is set to NACK if all CBG HARQ-ACKs are NACK.

	InterDigital, Inc.
	Proposal 1: CWS adjustment is based on the HARQ-ACK status of the transmission(s) performed within the reference duration.
Proposal 2: For CBG-based transmission, CWS is adjusted based on average NACKs of the CBG level feedback.

	Ericsson
	Proposal 7	For the purpose of contention window adjustment on an LBT channel, in case of CBG based transmission, the HARQ-ACK value corresponding to a reference duration is assumed NACK if all the CBGs of the reference duration are NACKs
Proposal 8	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 of reception of at least one code block in the granted resources
Proposal 9	For NR-U, the device keeps the same CW until feedback is received. 
Proposal 10	In NR-U DL, the reference duration for CWS update is the reference duration of the most recent gNB initiated COT using CAT4 LBT for which at least some feedback is available.
Proposal 11	In NR-U UL, the reference duration for CWS update is the reference duration of the most recent UE initiated COT using CAT4 LBT for which at least some feedback is available.
Observation 1	Broadcast messages share the same channel access engine as other transmissions of the same priority class value. 
Proposal 12	Transmission that does not require explicit feedback is deemed to be successful.

	MediaTek Inc.
	Proposal 7: If CBG-based HARQ-ACK feedback is configured for NR-U, convert CBG-level HARQ-ACK feedback to TB-level HARQ-ACK feedback. Use TB-level HARQ-ACK feedback for CWS adjustment. 
•	If any CBG-level ACK is detected for a TB within the reference duration for CWS adjustment, then regard the TB-level HARQ-ACK feedback as ACK.
•	If all CBG-level HARQ-ACK feedbacks are NACK for a TB within the reference duration for CWS adjustment, then regard the TB-level HARQ-ACK feedback as NACK.  
Proposal 8: For a gNB initiated channel occupancy which contains unicast PDSCH(s), if any CBG-level or TB-level ACK is detected for PDSCH(s) in the reference duration, the channel occupancy is considered successful and CWS is reset to CWSmin. 
Proposal 9: For a UE initiated channel occupancy which contains unicast PUSCH(s), for any PUSCH in the reference duration if any of the following is met, CWS is reset to CWSmin.
•	A PDCCH with UL grant has received with NDI toggled where the PDCCH contains a HARQ process that has been associated with a PUSCH in the reference duration.  
•	A CG retransmission timer (CGRT) has expired where the CGRT is for a HARQ process for a PUSCH in the reference duration.
•	HARQ-ACK feedback, in TB-level or CBG-level, is detected as ACK for any of PUSCH(s) in the reference duration. Note: In this case, the HARQ-ACK feedback is carried by DFI.
Proposal 10: CWS is always set to CWSmin when Cat4 with the lowest priority class value is employed to initiate channel occupancy.
Proposal 11: CWS is always set to CWSmin for initiating channel occupancy which contains only signals/channels with which no feedbacks are expected. Such signals/channels include at least the following
•	SS/PBCH blocks, RMSI, OSI, CSI-RS, paging with and without PDSCH payload, PDCCH-only without any UL grant, RACH, PUCCH, and SRS.
Observation 10: ETSI LBE maximum Contention Window (CWmax) sizes are too low to allow fair access to a channel beyond that of a very small collection of competing devices.
Observation 11: ETSI LBE Contention Window (CW) reset to CWmin after previous transmission success does not result in fair coexistence which manifests as very poor aggregate successful channel utilization during periods of congestion.
Observation 12: Poisson distributed traffic models behave similar to the greedy source traffic model and eventually, with enough device load, converge on the same utilization exhibited by a greedy source traffic model.
Observation 13: Adaptivity as defined by ETSI in EN 301 893 is sub-optimal when one considers the cases where the channel is close to reaching capacity through to the case where the channel is congested with all competing devices having a full data buffer. It is exactly this region where adaptivity should be saving the channel from collapse where in fact it is partly responsible for such a collapse.
Observation 14: Coexistence is only possible today due to traffic patterns not fully occupying buffers. Currently we rely on the aggregate effect of the underlying adaptivity probabilities convolved with the traffic model probabilities. But there is no ETSI restriction on what class to use for which traffic and there is no ETSI restriction on traffic patterns (except in the case of short control signaling). This is unsustainable. Future, more data hungry, traffic patterns will render adaptivity ineffective. We are already seeing this in deployments. We cannot predict the future, but we can regulate for better adaptivity.
Proposal 21: Research alternative adaptivity mechanisms that prevent precipitous channel collapse around the region of congestion when considering the 6GHz spectrum allocations.
Observation 15: Adaptivity as defined by ETSI in EN 301 893 is a good starting base for adaptivity to be defined in the 6GHz spectrum, but it does need some changes to counteract poor channel utilization during times of congestion and unfair access of higher priority classes. It is unlikely that these changes would result in something that is backwards compatible to EN 301 893 so any first draft of ETSI EN 303 687 should also include these changes.

	Qualcomm Incorporated
	Proposal 1: CO not containing any unicast PDSCH or UL grant and associated UL PUSCH are not considered for CW update purposes at gNB
Proposal 2: CO not containing any PUSCH are not considered for CW update purposes at UE
Proposal 3: A CO is considered a success if an ACK is received for any TB or CB of PDSCHs/PUSCHs in the reference duration of the CO. The CO is considered as unsuccessful if all received feedback is NACK and/or a feedback timeout has occurred.
•	Note 1: For PUSCH, a UE may determine the feedback as ACK/NACK based on feedback in DFI or based on NDI toggle/CBGTI in subsequent UL grant 
•	Note 2: CBG based A/N feedback includes feedback for all CBGs of that TB. However, the PDSCH/PUSCH may only have transmitted a subset of the CBGs. Only the A/N feedback of the transmitted CBs should be considered.
Proposal 4: gNB/UE determine a CW update time associated with a CO a priori. While starting a cat-4 LBT, gNB/UE look for the most recent CW update time. It performs CW update based on the A/N feedback of the corresponding CO.
-	The CW update time for a CO may be based on its scheduling decision etc (for example based on where it scheduled A/N for different PDSCH) and/or include delays associated with processing the A/N channel, decoding the PDSCH/PUSCH etc. 
-	The CW update time for a CO is upper bounded by a max limit. 

Proposal 5: For gNB initiated CO containing PUSCH but no unicast PDSCH, the CW update time is end of last scheduled PUSCH + gNB PUSCH decoding processing time
Proposal 6: CWS is maintained per LBT subband. For CWS update of an LBT subband, only CBGs that overlap with that LBT subband are considered
Proposal 7: Contention window is always set to the minimum allowed contention window size for the transmission of DRS alone or DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR), when cat-4 LBT is used for such transmission.

	NTT DOCOMO, INC.
	Proposal 3: For CWS adjustment based on TB-level HARQ-ACK feedback, if at least Z=80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference duration are determined as NACK, CWS is increased.
Proposal 4: For CWS adjustment based on CBG-level HARQ-ACK feedback, if the [first or last] CBG-level HARQ-ACK corresponding a TB in reference duration is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
Proposal 5: CWS updating mechanism based on channel occupancy state is supported for NR-U in addition to CWS updating based on HARQ ACK/NACK reception in order to reduce fluctuation of channel access opportunities and latency among coexisting nodes.
•	UE reporting of the channel occupancy ratio and CWS updating mechanism based on gNB’s indication are supported.

	Motorola Mobility, Lenovo
	Proposal 4: Contention Window Adjustment procedures need to be extended to include at least successful/unsuccessful Msg 2 and Msg 3 transmissions of the random access procedure.
Proposal 5: A scaling factor   is applied when the NACK ratio of the feedback for a CW bandwidth is determined.
Case 1: for a NACK associated with the transmission within the CW bandwidth, the scaling factor alpha=1 ;
Case 2: for a NACK associated with the transmission across multiple CW bandwidths, the scaling factor alpha {0,1} ;
Case 3: for a NACK associated with a punctured transmission, the scaling factor alpha=0 .

	WILUS Inc.
	Proposal 6: When CBG-based transmission is used for NR-U operation, it is necessary to calculate the NACK ratio after converting CBG-based A/Ns into TB-based A/Ns for the case that TB-based A/N and CBG-based A/N feedback from different UEs are mixed.
Proposal 7: The reference duration should be considered as valid only if at least some HARQ-ACK feedbacks are expected to be available.
Proposal 8: The following alternatives can be considered as methods for calculating the NACK ratio in the CWS adjustment procedure when CBG-based transmission is used for NR-U. 
· Alt-1: If at least one of CBG-based HARQ-ACKs corresponding unicast PDSCH(s) in a reference duration is ACK, HARQ-ACK feedback(s) corresponding the unicast PDSCH(s) can be counted as ACK(s), otherwise, NACK(s).
· Alt-2: If the first one of CBGs corresponding unicast PDSCH(s) in a reference duration is NACK, HARQ-ACK feedback(s) corresponding the unicast PDSCH(s) can be counted as NACK(s), otherwise, ACK(s).
· Alt-3: If all of CBG-based HARQ-ACKs corresponding unicast PDSCH(s) in a reference duration is ACK(s), HARQ-ACK feedback(s) corresponding the unicast PDSCH(s) is counted as ACK(s), otherwise, NACK(s).
Proposal 9: It is necessary to further discuss how to handle CWS adjustment from the gNB perspective in case that the UE transmits all CBG NACKs in CBG-based HARQ-ACK by TB CRC failure after successfully receiving all CBG retransmissions by the UE.
Proposal 10: We propose to count ACK for the corresponding TB when calculating NACK ratio for CWS adjustment if TB CRC failure is happened after successfully receiving all CBG retransmissions by the UE only when a part of total CBGs is retransmitted by the gNB.

	Broadcom
	Channels without explicit feedback use the CWS last updated by channels with explicit feedback and using the same CAPC if such channels exist; otherwise they use the minimum CWS corresponding to the CAPC. The ETSI harmonized standard for 5 GHz also leads to such a scheme. This is also followed by Wi-Fi.


5		Channel access mechanism details for FBE
FL Summary: discuss the following points and alternative in the meeting
· The following parameters should be indicated to UE through higher layer signaling
· Channel access mode (FBE or LBE)
· FBE frame period 
· idle period

· GNB should schedule UE feedback HARQ-ACK corresponding to PDSCH or transmit PUSCH scheduled by uplink grant in the same frame period.

· For FBE operation, the definition of the initial LBT performed for every fixed frame period reuses that of 16 us or 25 us Cat.2 channel access mechanism in LBE operation.

· gNB transmits a COT indication in a fixed frame period. UE transmission in a FFP is conditioned on detecting the COT indication or other DL signals such as a PDCCH in the same FFP

FL Proposal:
For FBE operation where only the gNB is the initiating device, the following properties are signaled:
· an indication that any UL transmissions are only allowed within a gNB initiated CO
· One or more of the following
· Information about the gNB fixed frame period (SIB)
· FFS: whether new signaling is needed
· configuration of GC-PDCCH for idle UEs (RMSI)


	ZTE, Sanechips
	Proposal 8: The method of Randomly selection the starting position of CCA in CCA time window (idle period)  can be considered for FBE to solve unfairness problem caused by NR-U node timing difference and increase the opportunity of channel access for NR-U nodes.

	Huawei, HiSilicon
	Proposal 28: GNB should schedule UE feedback HARQ-ACK corresponding to PDSCH or transmit PUSCH scheduled by uplink grant in the same frame period.

Proposal 29: The following parameters should be indicated to UE through higher layer signaling
-	Channel access mode (FBE or LBE)
-	FBE frame period 
-	idle period

	vivo
	Proposal 7: FBE UE chooses to share the gNB initiated COT or transmit by itself according to the UL resource allocation in time domain.
Proposal 8: NR-U should choose from the following two options for idle mode UEs:
	Option1: gNB configures the LBT type together with RACH resources
	Option2: gNB configures idle mode GC-PDCCH detection and implicitly indicates FFP and idle period via SFI carrier in the GC-PDCCH.

	Charter Communications
	

	Samsung
	Proposal 16: Support directional LBT and/or introduce random observation slot within idle period and/or random muting period for asynchronous FBE NR-U to improve spatial reuse.

	Nokia, Nokia Shanghai Bell
	Proposal 10. For FBE in Rel-16, all UL transmissions occur within gNBs channel occupancy. Consequently, FBE channel access related specification impact is limited to capturing gNBs channel access rules into 37.213.

	Intel Corporation
	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 significantly affected. 
Proposal 29: For FBE, the FFP value is RRC signalled and the FFP value is between 2ms and 10ms
            o FFP aligns with the radio frame boundary at least for 10ms FFP
Proposal 30: For FBE, the idle period is defined for each FFP to meet the minimum requirements set by regulation:
            o Idle period is at least 5% of the COT length
            o Idle period is at least 100 us long.
Observation 5: For NR-U in FBE mode, the above ETSI BRAN requirement on FBE does not allow configured grant transmissions and PRACH transmission within a gNB-acquired COT due to the lack of grant from the gNB. 
Proposal 31: RAN1 needs to study how to support PRACH for NR-U FBE mode in accordance with ETSI BRAN regulation
Proposal 32: In FBE, in accordance with ETSI BRAN regulation only intra-FFP scheduling and HARQ report are allowed.
Proposal 33: For FBE, to assess whether a COT is acquired by the gNB, a UE performs the DL burst detection mechanism as discussed in the DL channel agenda.
Proposal 34: To reduce complexity for FBE operation, single operator scenario is prioritized.

	Sony
	Proposal 2: Parameters of channel access mode (FBE or LBE) and frame period should be indicated to the UE through RMSI.
•	Presence or absence of FBE related parameters could indicate channel access mode

	LG Electronics
	Proposal #10: Consider one of the following alternatives to provide a UE with the information on which channel access mode between FBE and LBE is operated with the serving cell.:
  Alt. 1: Explicitly signalling of either FBE or LBE
  Alt. 2: Implicit signalling of LBT type for PRACH
Proposal #11: For FBE operation, UE can determine to perform LBT to transmit a PRACH if DL signal/channel associated with the PRACH is successfully detected or received.
FFS for the definition of DL signal/channel associated with the PRACH including required timing gap between PRACH (or msgA) and associated DL signals and channels

	Ericsson
	Proposal 12	Channel access mode (LBE or FBE) should be indicated in SIB1. 
Observation 2	With the indication of channel access mode in SIB1, it is possible to operate certain FBE configurations using NR-U Rel-16. 
Proposal 14	In case of FBE channel access mode, signaling FFP duration in SIB1 can be considered.  

	MediaTek Inc.
	Proposal 12: The fixed frame period (FFP) of a cell can be determined from tdd-UL-DL-ConfigurationCommon in ServingCellConfigCommonSIB. No additional signaling for FFP is needed.  
Proposal 13: LBT type for PRACH is signaled via RMSI and UE can determine whether the system is operated in LBE or FBE mode implicitly via the indicated LBT type for PRACH. 
Proposal 14: UE applies Cat2 LBT for PRACH/PUCCH/PUSCH/SRS on semi-statically semi-persistently configured resources by default, unless indicated otherwise. 
Proposal 15: UE is allowed to conduct PRACH/PUCCH/PUSCH/SRS transmission on semi-statically and semi-persistently configured resources simply conditioned on the passes of Cat2 LBT.  
Proposal 16: If UE does not detect/decode any downlink transmission in the beginning of a fixed frame period, UE can skip PDCCH monitoring and measurement for the remaining duration of the fixed frame period.   
Observation 17: An ETSI FBE device can coexist with ETSI LBE devices
Observation 18: An ETSI FBE device cannot coexist with another ETSI FBE device unless they coordinate with each other when they grab access to the channel in some sort of supervisory manner. Inherent in this observation is that they already align their Fixed Frame Periods (FFPs).
Proposal 23: Draft a Liaison statement to ETSI BRAN to suggest a change to the adaptivity for FBE devices such that they can fairly coexist with each other without coordination. FFS – what sort of adaptivity for FBE results in fair use.
Observation 19: Modified ETSI FBE can achieve extremely good channel utilization and delay spread, even without coordination.

	Qualcomm Incorporated
	Proposal 20: gNB transmits a COT indication in a fixed frame period. UE transmission in a FFP is conditioned on detecting the COT indication or other DL signals such as a PDCCH in the same FFP

	NTT DOCOMO, INC.
	Proposal 6: For FBE operation, the definition of the initial LBT performed for every fixed frame period reuses that of 16 us or 25 us Cat.2 channel access mechanism in LBE operation.

	Convida Wireless
	Observation1: Channel access indication in FBE can help UE to save power.
Proposal 1: We recommend studying simplified channel access indication for FBE based on the procedures in LBE.
Proposal 2: At least the beginning of the FFP and its periodicity should be signalled to the UE to fully exploit the advantages of operating in FBE mode and enhance power saving.
Proposal 3: Study the possibility of allowing UEs to operate as LBE when they are not aware of the operation at gNB without violating the regulation requirements. 
Observation 2: Only single channel access procedure is available to initiate a CO in FBE framework operation.
Proposal 4: Study how to support different channel access priority classes in FBE framework.  





6		UE to gNB COT sharing
Several companies have expressed interest in sharing a UE initiated COT with the gNB. Some related agreements have been made under the CG agenda item:
RAN1 AH1901:
Conclusion:
The following aspects should be discussed further as part of the channel access discussions 
· Contention window adjustment
· Details of COT sharing related to NRU configured grant including details and limitations on UE-initiated COT sharing with gNB and configured grant UL transmissions within gNB acquired COT 
Agreement:
CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID
RAN1 #96:
Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class

FL proposal:
Sharing of a UE-initiated COT (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 there is control for the UE that won the COT, and DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the COT.
· The ED threshold that the UE applies when initiating a COT to be shared with the gNB is configured by gNB (RRC signaling)
· when absence of WiFi cannot be assumed based on e.g. regulation, the ED threshold that the UE applies when initiating the COT is determined based on the max gNB TX power


Supported by: ZTE, Sanechips, Huawei, HiSilicon, vivo, Samsung, Nokia, Nokia Shanghai Bell, Intel, Sony, Ericsson, Qualcomm, NTT DOCOMO, Broadcom (with conditions as given in the table below), Sharp
FL proposal #2:
Update the previous agreement as follows:
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 between 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



	ZTE, Sanechips
	Proposal 9: UE initiated COT can be shared with gNB at least for DL data/control signal meant for the same UE. But it need to further be discussed and evaluated for UE initiated COT shared with other UEs considering that fair coexistence with Wi-Fi/nodes of same system.

	Huawei, HiSilicon
	[bookmark: OLE_LINK4]Proposal 22: For gNB to share a COT initiated by a CG UE, the UE indicates in the CG-UCI and index value of one of pre-configured/predefined combinations of DL offset and Allowed DL duration in slots, along with the CAPC UE used to initiate the CO.  
Proposal 23: UE chooses a combinations of DL offset and Allowed DL duration such that a configured CORESET/SS monitoring occasion is available in the slot in which the DL burst should start.
Proposal 24: Support one of the following design options for encoding the CIV and determining its bit field length to reduce the overhead in the CG-UCI and to avoid a variable CG-UCI payload size for the given CG configuration:
· Opt1: CAPC value, DL Offset and Allowed DL duration are jointly encoded in the CIV based on the numerology configured for the active UL BWP. 
· Opt2: CAPC value is separately indicated in the CG-UCI. The length of the bit field indicating the CIV of   accounts for the largest CAPC value regardless of the CAPC value indicated.
Proposal 25: Support using at least one CIV for disabled/not-indicated COT sharing. For starting the DL burst with a partial-slot DL transmission, some of the remaining CIVs can be used to indicate the point at which the UL burst ends
Proposal 26: For gNB to share the COT acquired by multiple UEs, the following options should be supported in NR-U:
· Option 1: gNB independently inherits multiple UE-acquired MCOTs (if any).
· Option 2: gNB inherits a common MCOT (in both time and frequency domains) among different UEs.
Proposal 27: MCOT sharing is supported for transmission with configured grant in NR-U:
· gNB sharing UE-acquired MCOT for transmission of HARQ-ACK and/or PDSCH to that UE
· UE sharing gNB-acquired MCOT when a gNB-triggered transmission with CG is employed


	Vivo
	Proposal 6: The gNB should be allowed to transmit both PDCCH and PDSCH within the COT initiated by both configured grant UE and scheduled UE.

	Samsung
	Proposal 15: UE-initiated COT through CAT-4 LBT can be shared with gNB at least when the downlink transmission includes PDCCH and/or PDSCH intended to the UE.

	Nokia, Nokia Shanghai Bell
	Proposal 11: Transmission of DL broadcast signaling and scheduled DL data for the UE that initiated the COT are supported within a COT acquired by a UE. 
Proposal 12: To facilitate COT sharing, the UE will need to provide to the gNB information about CAPC, COT structure/duration, and possibly also the TX power assumed when acquiring the COT.

	Intel Corporation
	Proposal 9: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap duration 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 10: COT with multiple switching points is supported and LBT conditions for these switching points should be further studied.  
Proposal 11: The COT initiated by a CG UE can be shared with the associated gNB for data and control transmissions meant for at least the UE that has initially acquired the MCOT.

	Sony
	Observation 1: UE to gNB COT sharing in Rel-16 NR-U could be enhanced from AUL in Rel-15 FeLAA.
Observation 2: UE could signal the transmission duration allowed for use by the gNB via CG-UCI. 
Observation 3: It is beneficial for the UE to signal UL transmission duration in order to avoid mismatching between UE and gNB. 
Proposal 1: UL transmission duration (e.g PUSCH start and end point/slot) and UE-initiated COT duration (e.g. LBT priority class) should be signaled to gNB via CG-UCI.

	OPPO
	COT sharing initiated by a configured grant UE:
Proposal 17: Starting symbol, duration, and LBT type should be indicated to gNB for DL transmission.
Proposal 18: UE-initiated COT can be shared to gNB for transmission of periodical PDCCH.

	LG Electronics
	Proposal #9: It should be further discussed how to handle power imbalance between gNB and UE in case of UL-to-DL COT sharing.

	InterDigital, Inc.
	Proposal 3: The UE indicates the LBT priority class when it initiates a channel occupancy using a configured grant.

	Ericsson
	Proposal 6	The gNB transmission within a UE initiated COT may carry control and/or data.

	Qualcomm Incorporated
	Proposal 11: UE acquired COT can be shared with gNB at least for transmitting control/broadcast signals/channels for all UEs and DL signals/channels (PDSCH, PDCCH, reference signals) meant for the same UE. The UE acquired COT can contain multiple switching points at least for UL transmissions (PUCCH/PUSCH including both configured grant and scheduled grant/SRS) from the same UE.
Proposal 12: Single and multiple DL to UL and UL to DL switching within a shared UE COT is supported at least for the case where the DL contains control/broadcast signals or UE-specific data only meant for the UE(s) that acquired the COT and where UL transmission are restricted to UE(s) that acquired the COT. LBT requirements to support single or multiple switching points include
•	For gap of less than 16us: no-LBT or 16us Cat-2 LBT can be used 
o	Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
•	If the gap equals or exceeds 25us: 25us Cat-2 LBT is used 
o	Further study needed on how many one-shot LBT attempts is allowed for DL transmission

	NTT DOCOMO, INC.
	Proposal 7: UE to gNB COT sharing is supported in NR-U as below.
•	UE COT initiated by configured grant UL transmission can be shared with gNB during the remaining COT duration indicated by the UE.
•	UE COT initiated by scheduled UL transmission can be shared with gNB according to LBT type, priority class and scheduled UL transmission duration.

	Broadcom
	· UE ED = -72dBm, so that the UE and the gNB always use the same ED threshold
· DL PDSCH: To only the UE that won the COT
· DL control/broadcast: To any UE, as long as there is control for the UE that won the COT.
· Multiple switches:  Only if there is CAT2 LBT (either 16us or 25us) at each switching point: Switches within a COT increase the probability of transmission from hidden nodes, as it can lead to parallel transmission from nodes hidden at the UE in addition to nodes that are hidden at the gNB. To prevent additional collision such switches should proceed after CAT2 LBT.



7		Max TX duration following cat 1 LBT
It is captured in TR 38.889, that within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in the following Table.
Table: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
-	When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
-	For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
-	Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


“Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits” is to be discussed in WI phase.
According to ETSI regulatory requirements [3], immediate transmission can be used if the gap between initiating device and responding device is at most 16 us. “The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 μs after the last transmission by the Initiating Device that issued the grant.” 

Q: Is the transmission duration following a Cat1 LBT restricted in addition to the limits given by the remaining COT?
Yes: Huawei, HiSilicon, Intel (up to 584 us is allowed), Broadcom  
No: ZTE, Sanechips, Charter Communications

	ZTE, Sanechips
	Observation 1: Considering that no any restriction on maximum TX duration for Cat-1 LBT in ETSI specification, it is recommended that  the maximum TX duration for Cat-1 LBT should not be limited.

	Huawei, HiSilicon
	Proposal 1: The maximum duration of the UL transmission following CAT1 (No LBT) within a gNB-initiated CO should be limited regardless of the remaining MCOT duration

	Charter Communications
	Proposal 2: Update Table 7.2.1.3.1-3 in 38.889 by removing the note within the Cat 1 section.

	Nokia, Nokia Shanghai Bell
	Observation 1: According to ETSI requirements, Cat 1 Immediate transmission does not involve additional restriction on the duration of transmission from responding device other than MCOT duration limit
Proposal 13: Cat 1 framework should support at least HARQ-ACK transmission at the beginning of the UL burst
Proposal 14: If UE performs Cat2 LBT during the 16 sec gap, and the channel is found to be free, the UE can use UL resources according to MCOT duration limit.





8		Max number of Cat 2 LBT attempts in a 5ms DRS transmission window
A few companies considered the maximum number of Cat 2 LBT attempts in a DRS transmission window. The views are divided as follows:
· gNB can attempt Cat 2 LBT for any candidate SSB position within the DRS transmission window.
· ZTE, Sanechips, Huawei, HiSilicon, Charter Communications, Qualcom
· The granularity of the starting locations for DRS transmission in a DRS transmission window should be 1 ms.
· Samsung, Broadcom
· The number of CAT2 LBT attempts shall not be more that in LAA DRS
· Broadcom


	ZTE, Sanechips
	Proposal 10: Considering that DRS transmission opportunities and application scenarios(e.g., Standalone Scenario), it is recommended that Cat-2 LBT can be attempted on each candidate SSB position within a 5ms DRS transmission window.

	Huawei, HiSilicon
	Proposal 4: When CAT2 LBT is used for the transmission of DRS within the DRS transmission window, the number of LBT attempts should be limited only by the total number of candidate positions.

	Charter Communications
	Proposal 4: gNB can attempt Cat 2 LBT for any candidate SSB position within the DRS transmission window.

	Samsung
	Proposal 19: The granularity of the starting locations for DRS transmission in a DRS transmission window should be 1 ms.

	Qualcomm Incorporated
	Proposal 1: Allow gNB to initiate transmission of SS burst from any candidate SSB position within the DRS window.
Proposal 2: gNB should initiate SS burst transmission starting from the first available SSB occasion after LBT succeeds.



9	Wideband LBT 

	ZTE, Sanechips
	Proposal 11: LBT of LTE-LAA multiple CCs (e.g., Type A/B) manner can be used as starting point for research LBT for multiple carriers.

	Huawei, HiSilicon
	Proposal 12: In addition to subband LBT (e.g. 20 MHz), wideband LBT spanning more than one 20 MHz channel should be supported for wideband operations of NR in the unlicensed spectrum, in order to reduce the LBT complexity and energy consumption, especially when accessing multiple wideband carriers.   
Proposal 13: Semi-static and dynamic adaptation of LBT bandwidth should be supported for wideband operations of NR in the unlicensed spectrum.
Proposal 14: An LBT bandwidth adjustment condition can be determined over a given period based on:
-	Success ratio of channel access attempts on current LBT bandwidth configuration
-	Ratio of successful decode indications fed back by receiver
-	Other options are not precluded
-	FFS: The adaptation time period

	Fujitsu
	

	vivo
	Proposal 1: It is beneficial to support LBT subbands with bandwidth larger than 20MHz.

	Charter Communications
	

	Samsung
	

	Nokia, Nokia Shanghai Bell
	

	Intel Corporation
	Proposal 12: The wideband LBT mechanisms from LAA can form the baseline for NR-U.

	Sony
	

	OPPO
	

	LG Electronics
	

	Sharp
	

	InterDigital, Inc.
	

	Ericsson
	Proposal 15	In 6GHz, LBT is performed in units of nominal channel bandwidth defined by the regulations.

	MediaTek Inc.
	

	Qualcomm Incorporated
	Proposal 1: For the type B multi-subband LBT procedure that uses cat-4 LBT on one primary subband and cat-2 LBT check on other subbands, a node can transmit on non-primary subbands that pass cat-2 LBT even if it chooses to not transmit on the primary subband where cat-4 LBT was performed and passed
Proposal 2: As an implementation choice, wideband LBT, where a common energy measurement is done over multiple LBT subbands, is supported with same ED threshold as that used for single LBT subband

	NTT DOCOMO, INC.
	

	Motorola Mobility, Lenovo
	

	WILUS Inc.
		Proposal 4: We propose to reuse multi-carrier channel access procedure as in LTE-LAA for the baseline of wideband operation when the bandwidth is larger than 20 MHz with the multiple serving cells or a BWP is larger than 20MHz in a single cell.
	Proposal 5: It is necessary to further clarify whether or not to support multicarrier/wideband operation in the case of CA scenarios among BWPs with bandwidth larger than 20MHz on different serving cells.

	Convida Wireless
	



10	Receiver assisted LBT   

Receiver assisted LBT is supported:
· ZTE, Sanechips, Samsung
Receiver assisted LBT is not supported:
· Charter Communications, Intel, Nokia, Nokia Shanghai Bell, Huawei, HiSi, Sharp
	ZTE, Sanechips
	Proposal 17: For directional LBT manner, some receiver assistance methods (e.g., the receiver performs a directional LBT and sends out a short indication signal) should be supported to help mitigation of potential hidden node issue.

	Charter Communications
	Observation 1: With regard to receiver-assisted LBT,
•	The initial signal used to detect the start of the burst may be based on (wideband) DM-RS or GC-PDCCH. It is unclear if UE can perform this detection within 16 us.
•	If the initial signal is cell-specific (e.g., based on GC-PDCCH DM-RS or payload), then receiver feedback from multiple UEs will be triggered, which can cause unnecessary congestion on the unlicensed carrier. Additional enhancements will be needed if only a particular UE is expected to provide feedback.
Proposal 6: Receiver-assisted LBT is not introduced in Rel-16.

	Samsung
	Proposal 18: NR-U can support LBT with handshake mechanism through the exchange of a CARQ message transmitted by the potential transmitter upon successful LBT for data transmission; and a CARP message transmitted by the receiver upon receiving CARQ and after a successful LBT.

	Nokia, Nokia Shanghai Bell
	Observation 2: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.
Proposal 15: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Proposal 16: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.

	Intel Corporation
	Proposal 28: Receiver assisted LBT mechanisms are not supported in Rel-16.

	Ericsson
	Observation 3	Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design



11. 	Directional LBT 

Directional LBT is supported:
· ZTE, Sanechips, Samsung
Directional LBT is not supported:
· Intel, Nokia, Nokia Shanghai Bell, Huawei, HiSi, Sharp
	ZTE, Sanechips
	Proposal 12: Directional LBT should at least be supported for beam-based SS/PBCH block transmission in order to avoid inaccurate CCA detection problems
Proposal 13: Directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission.

	Samsung
	Proposal 16: Support directional LBT and/or introduce random observation slot within idle period and/or random muting period for asynchronous FBE NR-U to improve spatial reuse.
Proposal 17: Directional LBT can be supported at least for NR-U/NR-U coexistence.

	Nokia, Nokia Shanghai Bell
	Observation 2: Single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz
Proposal 17: Directional LBT is not supported for NR-U in sub-7 GHz bands

	Intel Corporation
	Proposal 26: Directional LBT is not supported in Rel-16.



12. 	Spatial re-use
Summary:
	ZTE, Sanechips
	Proposal 14: Frequency reuse/multiplexing should be supported in NR-U and some methods of frequency reuse/multiplexing can be considered such as PRB based interlace structure of blank pattern method.
Proposal 15: For blank pattern scheme, RAN1 can send an LS to RAN4 in order to evaluate the feasibility of this scheme.
Proposal 16: Multiplexing/Frequency reuse with blank pattern schemes can achieve performance improvement compared to no-multiplexing/Frequency reuse the gain increases with the increase of traffic load.   

	Huawei, HiSilicon
	Should be studied. However, there is not enough time in R16 WI

	Fujitsu
	

	vivo
	Proposal 9: Coordinated LBT schemes should be considered in NR-U.

	Charter Communications
	

	Samsung
	

	Nokia, Nokia Shanghai Bell
	

	Intel Corporation
	Proposal 27: LBT mechanisms facilitating spatial reuse or interference mitigation are not supported in Rel-16.

	Sony
	

	OPPO
	

	LG Electronics
	

	Sharp
	

	InterDigital, Inc.
	

	Ericsson
	

	MediaTek Inc.
	

	Qualcomm Incorporated
	

	NTT DOCOMO, INC.
	

	Motorola Mobility, Lenovo
	

	WILUS Inc.
	

	Convida Wireless
	





13. 	Other 
	ZTE, Sanechips
	

	Huawei, HiSilicon
	Proposal 3: CAT2 LBT option can be used with the transmission of following NR-U DL physical signals/channels in the given circumstances:
•	DRS consisting of SSB multiplexed with CSI-RS, given a duty cycle ≤1/20, and the total duration is up to 1 ms.
•	PDCCH or PDSCH within a gNB-acquired COT if the blanking gap is up to 25µs and the total duration of transmissions plus gaps is less than or equal to the acquired MCOT  
Proposal 5: The lowest channel access priority class value can be used to initiate a channel occupancy for the transmission of following NR-U DL physical signals/channels:
•	PDCCH/GC-PDCCH only
o	DL-to-UL COT sharing is allowed only for UL traffic of the same priority class
•	Multi-cast short paging message only

Proposal 6: CAT4 LBT option should be used with the transmission of PDSCH carrying system information, e.g., OSI, paging, or RAR, whereas the channel access priority class depends on the duration of the DL burst.
Proposal 7: It should be clarified whether gNB ensures that gaps between 16 and 25 microseconds do not occur for UL-to-DL switching points.

UL starting point/ CP extension
Proposal 8: gNB should determine the number of blanked DL OFDM symbols the PUSCH starting point and the OFDM symbol duration such that the UL CPE does not exceed one OFDM symbol duration.
Proposal 9: UE should derive the duration of the CPE from the indicated PUSCH starting point and the OFDM symbol duration such that the CPE does not exceed one OFDM symbol duration.
Proposal 10: UL starting point and the LBT type CAT2/CAT4 should be jointly encoded into one field in the DCI.

	Fujitsu
	Observation 3: There is still no explicit agreement on whether to support multiple switching points in Rel-16 NR-U. For convenience of further discussion, it should be clarified whether to support multiple switching points in Rel-16 NR-U.

	vivo
	Proposal 3: For multiple switching points within a gNB-initiated COT, only Cat.1 immediate transmission should be considered in Rel-16.

	Samsung
	Proposal 20: CAT-2 LBT can be used for an UL burst within gNB-initiated COT as long as UL burst can start within the COT and the total number of LBT attempts does not exceed a pre-configured number.

	Intel Corporation
	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.
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 4: For the DRS with CAT-2 LBT, following aspects are considered
-	For 20 ms DRS periodicity, 1 ms DRS is not allowed:
o	Alt 1: Put restriction in the spec to not allow 1 ms DRS duration with 20ms periodicity
o	Alt 2: No spec impact and leave it up to 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 7: Subject to any additional regulatory constraints, the channel access mechanisms of LTE-LAA can be considered as a baseline in NR-U for coexistence in the 6 GHz unlicensed band.
Proposal 8: Channel access procedure for the case when configured grant and grant based transmission occur consecutively should be considered.

	Sony
	Proposal 3: RAN1 should design channel access parameters used by an NR-U cell to have flexibility and reconfigurability in order to be able to support any regulatory requirements.

	LG Electronics
	Proposal #8: In case of multiple DL/UL switching within gNB’s COT, discuss whether DL COT can be continued even if scheduled UL transmission is not detected by gNB.

	Sharp
	Proposal 2: 
•	NR-U supports multiple switching points with gaps longer than 25us in the DL COT.
o	Each switching (i.e. DL-to-UL and UL-to-DL) at a gap longer than 25us uses Cat-2 LBT.

	Ericsson
	Proposal 1	When a gNB transmission includes only control signals/channels/information without any user plane data, the priority class value for accessing the channel is up to gNB.
Proposal 2	For UE initiated COT,
a.	if Msg3 is not multiplexed with user specific data, Msg3 can be sent using the highest priority class.
b.	If user plane data is multiplexed with Msg3, the channel access priority class is selected according to the multiplexed data.

	MediaTek Inc.
	Proposal 2: For channel occupancy initiated by a gNB to transmit one or more of the following, Cat4 with any channel access priority class value can be used by the gNB. 
•	RMSI, OSI, paging, and RACH messages 
•	PDCCH without PDSCH
•	Downlink reference signals
Observation 3: ETSI has not specified how initiating devices should handle gaps in its own transmission that are larger than 25us.
Proposal 17: Draft a Liaison statement to ETSI BRAN to seek clarification on how initiating devices should handle gaps in its own transmission that are larger than 25us or draft a change request to ETSI EN 301 893 to specifically cover this missing case.
Observation 4: ETSI LBE class 1 devices should not have any reasonable expectation of channel utilization when any other higher priority LBE devices are competing for the same channel, including access engines enabled within the same device.
Proposal 18: When specifying what NR-U channels or signals should use ETSI LBE class 1, 3GPP should not have any expectation of timely delivery of these channels or signals. FFS – which channels or signals can tolerate this level of uncertainty?
Observation 5: A single higher priority access class device has an unfair advantage over a single lower priority access class device. The unfairness grows as the priority class difference grows.
Observation 6: A collection of higher priority access class devices has complete dominance in the channel over an equal sized collection of lower priority access class devices. The unfairness grows wider as the size of the device set grows.
Observation 7: There is no ETSI restriction on which ETSI priority class to use for what traffic.
Observation 8: ETSI BRAN defined LBE adaptivity results in excessive waste of precious bandwidth due to excessive collisions with competing devices of the same or different device class.
Proposal 19: Research alternative adaptivity mechanisms that are less wasteful of bandwidth when considering the 6GHz spectrum allocations.
Observation 9: ETSI BRAN defined LBE adaptivity results in excessive access delay due to excessive collisions with competing devices of the same device class.
Proposal 20: Research alternative adaptivity mechanisms that limit excessive average delay when considering the 6GHz spectrum allocations.
Observation 16: An ETSI LBE device with NR-U symbol alignment does not perform well against an ETSI LBE device, such as an IEEE 802.11 device, as defined in the ETSI BRAN regulations.
Proposal 22: Start the LBT procedure as per the ETSI BRAN regulations and use a cyclic prefix extension of fractional symbol length, based on active SCS, to bring the COT to symbol alignment. The maximum length of such an extension signal should be less than 78.428us.

	Qualcomm Incorporated
	Proposal 21: In a gNB acquired COT, multiple switching points with one or more gaps between transmissions that exceed 25us is supported. In such cases, the following LBT scheme is used
•	Immediate transmission is allowed if the switching gap is less than 16us
•	25us Cat-2 LBT for switching gap greater than 25us
Proposal 22: The starting points for UL transmissions in NR-U should be specified consistent with ETSI specifications

	NTT DOCOMO, INC.
	

	Motorola Mobility, Lenovo
	Proposal 1: PRACH should be designed for using channel access type 2 or no LBT.
Proposal 2: Support the following:
•	The RAR includes an indicator for the channel access priority class
•	The RAR grant or the DCI assigning Msg 2 resources should include an indicator for the number of Msg 3 transmission opportunities granted to the UE
Proposal 3: Send an LS to RAN2 to suggest increasing the timers/windows involved in the random access procedure (e.g. ra-ContentionResolutionTimer) to compensate for channel access restrictions.

	WILUS Inc.
	Proposal 3: For NR-U DRS including RMSI-CORESET and PDSCH carrying RMSI or for NR-U DRS including only SS/PBCH blocks, 
o	Even if the NR-U DRS is composed of consecutive slots with more than 1ms length under the condition less with a duty cycle ≤ 1/20 allowed by the regulation, it seems beneficial to allow transmission of the corresponding NR-U DRS by performing Cat-2 for the partial transmission of NR-U DRS in 1ms units to effectively operate NR-U standalone.

	Convida Wireless
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APPENDIX: agreements made during the NR-U WI
In RAN1 Ad-hoc 201901 [2], the following agreements were made:
Agreement: 
· 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
Furthermore, RAN1 #96 has the following agreements:
Conclusion:
A common preamble and a common energy detection threshold between NR-U and other technologies for 5 and 6 GHz was discussed. There is no consensus on these aspects at this stage.
Conclusion:
Cat 2 is not used for initiating a UE transmission outside of a gNB COT for the following channels/signals (or any combination of them):
· PUSCH (with or without UCI), 
· SRS-only, 
· PUCCH-only
Note: 
· Cat 4 for these channels was already agreed during the study item
· 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:
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:
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

Additionally, RAN#83 also concluded the following:
conclusion: no discussion about common preamble in RAN1 in Q2/2019; we will come back to this topic in RAN #84 (details will be clarified in the answer to IEEE)

The above referred LS in RP-190745 states: 
-	Both RAN1 WG and TSG-RAN have extensively discussed coexistence aspects, but did not find consensus for adopting a preamble for NR-U. As a consequence, and in accordance with the workplan outlined in the NR-U Work Item (http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_83/Docs/RP-190706.zip) RAN1 WG will not address proposals any further on adopting a preamble for NR-U.
-	Nevertheless, TSG-RAN is open for further discussions on new aspects and arguments regarding coexistence at its next meeting (3-6 June), and will check whether member company views have shifted towards a consensus on a common preamble for NR-U.   
In RAN1 #96bis, following agreements were made:
Conclusion:
If a category 2 LBT with a duration of 25 microseconds is required, no changes to the baseline method as followed in LAA for such LBT are needed
Agreement:
The following agreement from the SI is updated as shown:
[image: ]
Agreement:
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:
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

In RAN1#97, the agreements were as follows:
Agreement:
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:
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:
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.
In RAN1#98, the agreements were 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.

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.

Agreement:
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
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Table 7.2.1.3.1 - 1: Channel access scheme s 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)   W hen 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  dat a   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  

 


