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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: Huawei, HiSilicon, ZTE, Sanechips, Charter Communications, Intel, KRRI, Sharp, Qualcomm, Ericsson, WILUS (11)
Alt 2: Samsung, Nokia, Nokia Shanghai Bell, Broadcom (4)
Alt 3: Charter Communications, MediaTek, Intel, NTT DOCOMO, Ericsson (5)
Discuss the above alternatives and decide in the meeting.
	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 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 the short gap. 
Proposal 9: For CAT2 LBT in a 16 us gap, Alt 1 in the previous meeting is supported

	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.

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

	MediaTek Inc.
	[bookmark: _Ref16932173]Observation 1: The chances may be slim that other devices than the initiating device and the responding device can occupy the channel by performing a successful LBT within 16us to 25us gaps.
[bookmark: _Ref16932235]Proposal 1: For Cat2 LBT in a 16us gap, support that 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.

	Samsung
	Proposal 1: 16µs CAT-2 LBT can consist of a slot of 7µs and another slot of 9µs, and energy measurement is performed for at least 4µs during both slots. 

	Intel Corporation
	Proposal 1:  Either Alt1 or Alt3 are viable definitions for the CAT-2 LBT procedure within a 16us 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. 
· 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. 

	KRRI
	Proposal 1: We propose to support Alt 1 that energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot.

	Sharp
	Proposal 1: Take Alt 1 for 16s Cat-2 LBT, i.e. energy measurement is done in the last 9s 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.

	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.

	Qualcomm Incorporated
	[bookmark: p09]Proposal :  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. 


	Ericsson
	[bookmark: _Toc16877939]P2: 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. 

	Broadcom Limited
	Observation 1: The 802.11ax channel sensing procedure in the SIFS (16us) gap after a DL transmission and before a UL transmission consists of both Energy Detection and Preamble Detection. 
· For Energy Detection: The UE is required to detect a busy channel within ~4us after the signal arrives at its antenna.   
· For Preamble detection: The preamble need not be detected only within the 16us gap, but even any time before it, leading to setting an appropriate NAV (busy state) at the UE.
So, the 802.11ax procedure for channel sensing within SIFS is stricter and provides better protection against hidden nodes than all the alternatives for NR-U discussed in RAN1#97. However, the 802.11ax Energy Detection scheme within SIFS is closest to Alternative 2.
Proposal 1: NR-U shall follow Alternative 2 for UL transmissions after SIFS gap i.e. it shall do the following: 
· 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.


	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 includes:
· LBT type 
· CAPC that the gNB assumed when acquiring the CO, or the CAPC that the UE shall use when initiating a COT with Cat 4 LBT
· PUSCH starting position within a symbol (CP extension)
FFS: exact values of these parameters
FFS: how to encode the parameters, e.g. jointly / separately
FFS: need to differentiate between LBE and FBE

RAR includes:
· LBT type (Cat1, 16 us Cat2, 25 us Cat2, Cat 4)
· CAPC
· PUSCH starting position within a symbol (CP extension)



DL assignment includes:
· LBT type for PUCCH
· PUSCH starting position (CP extension)

GC-PDCCH includes:
· TBD
· 


	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 is supported.
Table 1. Indication of the LBT type for an UL burst within gNB-initiated CO with gaps of 16 and 25us
	
	UL burst within the DL COT on each occupied LBT subband

	
	16 us Gap
	25 us Gap

	Indication in DL Channel
	Cat 1 LBT
	Cat 2 LBT
	Cat 2 LBT

	‘UL LBT type’ indicating Cat2/4 (as in FeLAA) in UL grant
	Implicitly (irrespective of Cat2/4 in grant) for UL burst duration<= Thresh_duration
	Explicitly as indicated in grant for UL burst duration >Thresh_duration
	Explicitly as indicated in UL grant

	‘PUCCH LBT type’ indicating Cat2/4 
in DL assignment
	Implicitly (irrespective of Cat2/4 in assignment) for only PUCCH transmission duration* <= Thresh_duration
*Should be a typical case
	Explicitly as indicated in assignment for UL burst duration > Thresh_duration
Note: UL burst can be PUCCH followed by another UL transmission or UCI on PUSCH
	Explicitly as indicated in DL assignment

	‘COT structure’,
Or ‘UL duration and offset’ (as in FeLAA)

in GC-PDCCH 
	Implicitly (irrespective of Cat2/4 in scheduled/configured grant) for UL burst duration <= Thresh_duration following indicated DL/‘offset’ slots, and ending   within indicated UL /‘UL duration’ slots  
N/A if Thresh_duration < slot_duration and indication in GC-PDDCH is in units of slot
	Implicitly (irrespective of Cat4 in scheduled/configured grant) for UL burst >Thresh_duration following indicated DL/‘offset’ slots, and ending within indicated UL /‘UL duration’ slots  

	Implicitly (irrespective of Cat4 in grant) for UL burst following indicated DL/‘offset’ slots, and ending within indicated UL /‘UL duration’ slots



Proposal 8: UE should derive the number of blanked OFDM symbols and 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.

	Vivo
	[bookmark: _Ref536634490]Proposal 4: Whether the UE needs to transmit in advance should be informed by gNB.
[bookmark: _Ref6849767]Proposal 5: A 2-bit field is used to indicate the channel access types in DCI.

	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.


	Fujitsu
	

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


	MediaTek Inc.
	[bookmark: _Ref4825828]Proposal 7: To determine the LBT type for the UE transmission of a HARQ-A/N feedback falling outside of the gNB-initiated COT, the following mechanisms could be considered:
· Indication by the gNB through the DCI(s) scheduling the PDSCH(s)
· UE determination based on the indicated channel occupancy information 
· Both of the above
[bookmark: _Ref534990121]Observation 6: In LTE LAA, the CAPC used by the UE is either explicitly provided by the eNB (dynamic scheduling) or derived from a mapping from logical channels to CAPC (AUL).
[bookmark: _Ref534990126]Observation 7: The current mechanism where the eNB selects CAPC with dynamic grants prevent the UE from choosing the appropriate uplink LBT CAPC that is consistent with the QoS requirements of the data that is actually transmitted.  
[bookmark: _Ref534990261]Proposal 9: NR-U should consider developing a common CAPC selection mechanism for uplink dynamic and configured grants based on a mapping from logical channels to CAPC.


	OPPO
	Proposal 1: No LBT or one-shot LBT should be indicated to UE for UE to determine proper channel access procedure within a shared gNB COT.
Proposal 2: Explicit signaling carried by GC-PDCCH for UE to determine LBT type/parameter associated with a specific gap within a shared gNB COT should be indicated to UE.

	Samsung
	Proposal 2: NR-U can use an explicit indication method of the LBT type for UL transmission. 

	LG Electronics
	Proposal #7: 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 #8: The indicated gap for PUSCH starting points starts from
· Alt. 1: The starting symbol signalled by SLIV filed in UL grant
· Alt. 2: The reference symbol which is given by the starting symbol index signalled by SLIV – N
· FFS for the value of N, including the possibility of different N values depending on different PUSCH subcarrier spacings
· FFS on TBS determination

	Intel Corporation
	Proposal 3: LBT scheme is indicated as the separate field of UL grant in RAR.  LBT scheme can at least indicate whether the LBT is CAT2/4. The indication of CAT1 is FFS.   Details of the UL grant fields are FFS.

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

	Sharp
	Observation 1: 
· UL Cat-4 LBT requires priority class determination, while there is no priority class for UL Cat-1/2 LBT.

Observation 2: 
· 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: 
· [bookmark: _Hlk14718116]UL LBT category, UL priority class, and PUSCH starting position should be jointly indicated in DCI.

	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.

	Qualcomm Incorporated
	[bookmark: p01]Proposal : LBT type and CAPC are indicated in UL grant in DCI and UL grant in RAR.
[bookmark: p02]Proposal : LBT type is also indicated in any other DCI that triggers UL transmission (e.g DCIs leading to PUCCH transmission) 
[bookmark: p03]Proposal : 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.
[bookmark: p04]Proposal : 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.
[bookmark: p05]Proposal : 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.
[bookmark: p06]Proposal : 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
[bookmark: p07]Proposal : CAPC is included as part of COT-SI 
[bookmark: p08]Proposal : DCI shall be used to indicate COT reservation to cover the RACH occasions. UEs can select LBT category accordingly.

	Ericsson
	[bookmark: _Toc16877940][bookmark: _Toc11249409]P4: The channel access profile field value m of the DCI provides information about LBT category, channel access priority class, and CP extension. 
	Row index
	LBT category                            
	CP extension                     
	Channel access priority class

	0
	Cat1
	0
	1

	1
	Cat1
	0
	2

	2
	Cat1
	0
	3

	3
	Cat1
	0
	4

	4
	Cat2_16us
	0
	1

	5
	Cat2_16us
	0
	2

	6
	Cat2_16us
	0
	3

	7
	Cat2_16us
	0
	4

	8
	Cat2_25us
	0
	1

	9
	Cat2_25us
	0
	2

	10
	Cat2_25us
	0
	3

	11
	Cat2_25us
	0
	4

	12
	Cat2_25us
	1
	1

	13
	Cat2_25us
	1
	2

	14
	Cat2_25us
	1
	3

	15
	Cat2_25us
	1
	4

	16
	Cat4
	0
	-




	
	

	Motorola Mobility, Lenovo
	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



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”. The following points are identified for discussion:
FL Summary: discuss the following points and alternatives in the meeting
Reference burst definition (both DL and UL)
Alt 1a: The reference burst includes the first slot of the most recent burst
Alt 1b: The reference burst includes the first and the second slot of the most recent burst
Alt 1c: 
· if the he most recent burst starts with a full slot, the reference burst includes the first slot
· if the most recent burst starts with a partial slot, and:
· if this burst prolongs further, the reference burst includes both the partial slot and the following slot;
· if this burst is only composed by a partial slot, the reference burst only includes the partial slot.
Alt 1d: The reference burst (i.e. reference duration) includes the start of the most recent burst with the following conditions:
max of the following:
- T_MIN = 0.5ms.
- shortest period of time at the beginning of the COT for which feedback from at least one non-punctured PDSCH (PUSCH) TB is expected to be available.


[bookmark: _GoBack]
Offline proposal:
gNB initiated channel occupancy:
For a DL burst with unicast PDSCH and 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 first slot boundary where at least one non-punctured unicast PDSCH was transmitted or the CO ends 
Offline proposal:
UE initiated channel occupancy:
For a UL burst with PUSCH and 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 first slot boundary where at least one non-punctured PUSCH was transmitted or the CO ends 

Offline proposal:
gNB initiated channel occupancy:
For a DL burst without unicast PDSCH and with one or multiple UL grants, and each set of LBT bandwidths for which a single contention window is maintained,
CWS adjustment is based on the reception any successful transmission (FFS: CB, CBG, or TB) of the granted PUSCH transmissions
· FFS: details
 



Does the CW adjustment depend on the availability of HARQ feedback for the reference slot(s)?
Alt 2a: yes, the reference slot is only considered as valid if there is HARQ feedback available for it. The device keeps the same CW until HARQ feedback is received.
Alt 2b: no, the reference slot is always defined the same way irrespective of availability of HARQ feedback.


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 3a: at least one “ACK” is received for the TB(s) in the reference burst
· Alt 3b: “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 4a: at least one “ACK” is received for the CBG(s) in the reference burst
· Alt 4b: “ACK” is received for Y % of the CBGs in the reference slot
· FFS: value of Y

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 5a: 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 6a: At least one ACK (TB or CBG) is received for the reference burst. Else, CWS is increased
· Alt 6b: something else…[Huawei, HiSi] CBG-ACK only applies to the LBT subband(s) spanned by the CBG 

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 7a: CWS is always set to the minimum allowed contention window size 
· Alt 7b: ??? [Huawei, HiSi] CWS is adjusted based on whether a relevant response has been received within the anticipated window of time

CW adjustment for Configured Grant based transmissions
At least following points were made
- use Rel-15 LAA mechanism as a starting point
-	[Huawei, HiSi] A minimum timing between CG PUSCH to HARQ-ACK is needed to apply the same procedure  
- do not define a separate behavior for CG case



	Huawei, HiSilicon
	Proposal 13: 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 14: The processing timeline to determine a UL reference slot should be redefined by considering various slot lengths and SCS values.
Proposal 15: The gNB should configure the CG UE with the minimum PUSCH-to-HARQ feedback timing for proper determination of the HARQ-A/N status from the DFI bitmap. 
Proposal 16: The ‘DTX’ on HARQ-ACK feedback corresponding to PDSCH transmission(s) in reference subframe should not be counted as NACK in contention window adjustment at least within a window after the reference subframe in which additional feedback HARQ-ACK feedback opportunities would be allocated.
Proposal 17: 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 18: For CWS adjustment in wideband operations, the CBG-ACK only applies to the LBT subband(s) spanned by the CBG.
Proposal 19: 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 20: 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. 

	Vivo
	Proposal 2: The CWS adjustment can be made based on the HARQ-ACK of the TB.

	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:
· Alt-1: CBG level ACK/NACK is converted into TB level ACK/NACK. Wherein, the ACK/NACK ratio Z is of TB level.
· Alt-2: Redefinition ACK/NACK ratio Z in order to include TB level ACK/NACK and CBG level ACK/NACK.
Proposal 5: The reference slot for CWs adjustment should be defined as the first slot or the first and second slot of the latest DL/UL date burst for NR-U.
Proposal 6: 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 7: If CWs adjustment for PRACH is supported for NR-U, it is recommended that specific CWs adjustment rules should be further studied and discussed. 

	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
Proposal 2: For convenience of CWS maintenance per LBT sub-band, each CBG of a PxSCH transmitted over multiple LBT sub-band should be confined within a LBT sub-band.

	Charter Communications
	Proposal 5: For DL CWS adjustment, adopt the first DL slot of the most recent burst for which HARQ ACK/NACK is available as the reference slot, if this setting with HARQ feedback delay was used for the majority of the NR-U coexistence evaluations.

	OPPO
	Proposal 4: For HARQ-ACK transmitted via unlicensed carrier, the latest available HARQ-ACK values before gNB performing Cat-4 LBT should be used for CWS adjustment. 


Figure 2: Illustration of CWS adjustment based on HARQ
Proposal 5: CBG-based HARQ-ACK values should be considered separately for CWS adjustment for PDSCH transmission. 
Proposal 6: CBG-based HARQ-ACK values should be interpreted as NDI indication for CWS adjustment for PUSCH transmission. 


Figure 3: Illustration of CWS adjustment for wideband
Proposal 7: CWS adjustment for one bandwidth should base on the available HARQ-ACK values corresponding to the latest PDSCH transmission within the same bandwidth. 

	Samsung
	Proposal 3: A reference DL transmission burst can be the most recent burst wherein at least some HARQ-ACK feedbacks corresponding to the reference slot of this burst is expected to be available by the time gNB performs CWS adaptation, wherein the reference slot of this burst is the first slot with PDSCH transmission(s). 
Proposal 4: NR-U gNB can adjust CWS based on a reference slot more than once. 
Proposal 5: NR-U gNB can adjust CWS only based on the HARQ-ACK feedbacks corresponding to the reference slot. 
Proposal 6: CWS is increased to next available value if at least 80% of the TBs transmitted in the reference slot are determined as NACK; and a TB with CBG-based feedback is determined as NACK if the HARQ-ACK value for the first (re)transmitted CBG is NACK.
Proposal 7: By the timing that gNB performs the CWS adaptation, missed/unavailable HARQ-ACK of reference slot can be not counted towards the current CWS adaptation decision.
Proposal 8: The minimum latency between the slot in which UE receives UL grant or DFI and the reference slot should be defined. 
Proposal 9: 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 10: CORESET configuration can be enhanced to support sub-band LBT for NR-U.
Proposal 11: 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 12: 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 13: 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 14: 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.

	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) : 
· The channel access priority class can be determined according to the DRS burst duration and/or the duration of multiplexed non-unicast data.
· For DRS multiplexed with RAR, the CWS can be adjusted depending on the reception of msg3 corresponding to RAR.
· For PRACH:
· The initial CWS value or a group of CWS values can be configured by SIB1.
· 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:
· 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.
· FFS for the case where carrier#1 for PUCCH (or UCI) triggering and carrier#2 for PUCCH (or UCI) transmission are different.
Proposal #2: For DL, the reference slot for CWS update for a LBT sub-band is defined as the first slot of the most recent transmission on the LBT sub-band made by gNB, where HARQ-ACK is available
· FFS on how to determine for the HARQ-ACK availability based on flexible HARQ-ACK timeline
Proposal #3: For UL, the reference slot for CWS update is defined as first slot within the latest UL burst starting before slot n-X where UE receives UL grant at slot n and X can be configurable
Proposal #4: A time period T which is a unit of the symbol can be configured at the beginning of the COT to identify the HARQ-ACKs to be used for the CWS adjustment procedure.
Proposal #5: For CWS adjustment considering CBG-based (re)transmission,
· The HARQ-ACKs for the CBG(s) and TB(s) which are fully included and/or partially overlapped with a period of T can be used to adjust the CWS. T value having a certain length (e.g., three symbols) at the beginning of COT of the latest burst can be configured/indicated by the gNB.

Proposal #6: 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.


	Intel Corporation
	Proposal 9: The reference burst is defined as the first slot of the latest DL or UL burst for which HARQ-ACK feedback or an UL grant is available.
Proposal 10: If the latest DL or the UL burst for which HARQ-ACK feedback or an UL grant is available starts with a partial slot:
1. and if this burst prolongs further, the reference burst includes both the partial slot and the following slot;
1. and if this burst is only composed by a partial slot, the reference burst only includes the partial slot.
[image: ]
Figure 6 – Illustration of the concept of DL reference burst. 
[image: ]
Figure 7 – Illustration of timing between an UL reference burst and the following COSESET containing UL grant or DFI DCI.
Proposal 11: 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 12: If CBG based transmission is configured, a TB would be considered as a NACK, and counted for the evaluation of Z if at least one of the currently transmitted CBGs of the TB is NACK’ed
Proposal 13: For NR-U the DL CWS adjustment procedure from LTE is reused. However, the adjustment metric Z is evaluated as
Z = (u*NADLCBG + (1-u)*NADLTB) / (u*NDLCBG + (1-u)*NDLTB)
where NADLCBG is the number of NACKs that are counted within the reference burst for the CBG-based transmissions, where a NACK is counted if at least one of the currently transmitted CBGs of the TB is NACK’ed; NADLTB is the number of NACKs that are counted per TB within the reference burst for the TB-based transmissions; NDLCBG is the total number of feedbacks (counted per TB) for the CBG-based transmissions performed in the DL reference burst; and NDLTB is the total number of feedbacks for the TB-based transmissions performed in the DL reference burst. The value u can instead have values between 0 and 1, which can be configured based on the configuration or can be chosen as a fixed value.
Proposal 14: 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 15: 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 16: 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 17: 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 18: 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 19: 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 20: 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 21: The CWS rules defined in Rel. 13 for multi-carrier operation can be used as a baseline at least for DL wideband operation, and applied per BWP. FFS: whether to down-select some of the options for UL.
Proposal 22: In wideband operation, the starting of the reference burst coincides with the beginning of Phase 2.
Proposal 23: In wideband operation, the CWS adjustment mechanisms adopted for a single operational channel are reused. 

	Nokia, Nokia Shanghai Bell
	Proposal 4: Reference burst is defined as the first full slot as well as a possible preceding partial slot of the most recent DL or UL burst, 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 channels and signals without explicit feedback, the CWS is always kept at its minimum value.
Proposal 7. Reference burst definition and CWS adjustment procedure for CG PUSCH follows the same principle as scheduled transmissions. 

	InterDigital, Inc.
	Proposal 1: NR-U supports adjusting the contention window size considering a set of reference slots.
Proposal 2: CWS adjustment is based on at least the available HARQ-ACK status of the transmission(s) performed within the set of reference slots.
Proposal 3: Support CWS adjustment per LBT subband. The transmitting entity only updates CWS values for the set of acquired LBT subbands in a set of reference slots.


	Sharp
	Proposal 4: 
· Any transmission (including PUCCH and RACH messages) initiated by Cat-4 LBT should be referred to for CWS update.
Observation 3: 
· Slot based reference for CWS update may not work well in NR-U.

Proposal 5: 
· Reference for CWS update needs to be investigated, taking into consideration of multiple PDSCHs within a slot, cross-slot scheduling, cross-COT scheduling.
Proposal 6: 
· For CBG based transmission, virtual TB HARQ-ACK is used for CWS update.
· The virtual TB HARQ-ACK is set to ACK if at least one CBG HARQ-ACK is ACK.
· The virtual TB HARQ-ACK is set to NACK if all CBG HARQ-ACKs are NACK.

	NTT DOCOMO, INC.
	Proposal 3: For CWS adjustment based on HARQ-ACK feedback, reference slot is first DL or UL slot of a channel occupancy for which HARQ-ACK feedback is available.
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 slot 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.

	Qualcomm Incorporated
	[bookmark: p12]Proposal 12:  For gNB (UE) initiated CO containing a unicast PDSCH (PUSCH) transmission: 
· Reference duration for a subband is determined as max of the following
· T_MIN = 0.5ms.
· shortest period of time at the beginning of the COT for which feedback from at least one non-punctured PDSCH (PUSCH) TB is expected to be available.
· All TBs/CBGs that are within the reference duration are considered as reference TBs/CBGs to determine the CW update metric for that CO
· Only subbands that were acquired using cat-4 LBT are considered

[bookmark: p13]Proposal 13: For gNB initiated CO not containing a unicast PDSCH transmission but containing UL PUSCH:
· All TBs/CBGs of PUSCH within the gNB CO are considered as reference TBs/CBGs to determine the CW update metric for that CO
· Only subbands that were acquired using cat-4 LBT are considered

[bookmark: p14]Proposal 14: CO not containing any unicast PDSCH or any UL PUSCH are not considered for CW update purposes at gNB
[bookmark: p15]Proposal 15: CO not containing any unicast PUSCH are not considered for CW update purposes at UE
[bookmark: p16]Proposal 16: A CO is considered a success if an ACK is received for any reference TBs/CBGs associated with that 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 in subsequent UL grant 
· Note 2: CBG based A/N feedback includes feedback for all CBGs of that TB. However, the reference PDSCH/PUSCH may only have transmitted a subset of the CBGs. Only the A/N feedback of the transmitted CBGs should be considered.
[bookmark: p17]Proposal17: 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. 

[bookmark: p18]Proposal 18: 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
[bookmark: p19]Proposal 19: CWS is maintained per LBT subband. For CWS update of an LBT subband, only CBGs that overlap with that LBT subband are considered
[bookmark: p20]Proposal 20: 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.

	Ericsson
	[bookmark: _Toc16877942]P6: 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 PDSCH/PUSCH is assumed NACK if all the CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT channel (sub-band/carrier) are NACKs
Proposal 7: For NR-U, the device keeps the same CW until feedback is received. 
P8: In NR-U DL, the reference PDSCH(s) for CWS update are the PDSCH(s) for which the PDSCH(s) or their associated channels (e.g. PDCCH) or signals (e.g. DMRS) start at the beginning of the most recent gNB initiated COT using Cat4 LBT for which at least some HARQ feedback is available.
In NR-U UL, the reference PUSCH(s) for CWS update are the PUSCH(s) for which the PUSCH(s) or UL signals (e.g. DMRS) start at the beginning of the most recent UE initiated COT using Cat4 LBT for which at least some HARQ feedback is available.

[bookmark: _Toc16877946]P9: If single value is maintained for the set of LBT channels (sub-band or carrier).
a. 


[bookmark: _Toc16877947]if the HARQ-ACK values corresponding to PDSCH/ PUSCH transmission(s) in reference PDSCH(s)/ PUSCH of all carriers are determined as NACK, increase  for each priority class to the next higher allowed value; 
b. 

[bookmark: _Toc16877948]otherwise, for every priority class set 

	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 slot can be the starting slot of the most recent transmission on the serving cell that 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 PDSCH(s) in a reference slot is ACK, HARQ-ACK feedback(s) corresponding the PDSCH(s) can be counted as ACK(s), otherwise, NACK(s).
· Alt-2: If the first one of CBGs corresponding PDSCH(s) in a reference slot is NACK, HARQ-ACK feedback(s) corresponding the PDSCH(s) can be counted as NACK(s), otherwise, ACK(s).
· Alt-3: If all of CBG-based HARQ-ACKs corresponding PDSCH(s) in a reference slot is ACK(s), HARQ-ACK feedback(s) corresponding the PDSCH(s) is counted as ACK(s), otherwise, NACK(s).


	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: Maintaining the CWS per subband of the wideband carrier is supported in NR-U, and for a HARQ-ACK corresponding to a wideband TB, a scaling factor  is applied when the NACK ratio of the feedback for a subband is determined.
Proposal 6: In NR-U DL, the reference resource in time domain should be the starting slot(s) of the most recent channel occupancy on the subband where the gNB obtained the channel by Cat4 LBT.

	Broadcom Limited
	Proposal 3: The CW update mechanism for NR-U shall follow the CW update mechanism specified in the ETSI harmonized standard EN 301 893 section 4.2.7.3.2.6.
Proposal 4: The multi-carrier channel access scheme for NR-U shall follow the multi-carrier channel access scheme specified in the ETSI harmonized standard EN 301 893 section 4.2.7.3.2.3.












5		Channel access mechanism details for FBE
A few companies provided input on FBE. Some points are identified for further discussion. 

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


	Huawei, HiSilicon
	Proposal 23: GNB should schedule UE feedback HARQ-ACK corresponding to PDSCH or transmit PUSCH scheduled by uplink grant in the same frame period.
Proposal 24: The following parameters should be indicated to UE through higher layer signaling
· Channel access mode (FBE or LBE)
· FBE frame period 
· idle period
UE can detect COT indication sent by gNB at frame boundary. UE can stop decoding PDCCH in the following frame period if there is COT indication detected. UE can avoid PDCCH monitoring during the idle period to save power.
FBE has no access categories defined to achieve QoS differentiation and fairness among different traffic priority classes. Rather, only one parameter, the frame period (FP), controls both the MCOT length and the channel access opportunities. Although an FBE device may change its FP at most every 200 ms, this restricts the frequency of QoS adaptation

	Vivo
	[bookmark: _Ref536707860][bookmark: _Ref862723]Proposal 7: FBE UE chooses to share the gNB initiated COT or transmit by itself according to the UL resource allocation.

	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.

	MediaTek Inc.
	[bookmark: _Ref4667013]Observation 19: An ETSI FBE device can coexist with ETSI LBE devices
[bookmark: _Ref4667022]Observation 20: 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).
[bookmark: _Ref4667179][bookmark: _Ref4667382]Proposal 16: 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.
[bookmark: _Ref7790407]Observation 21: Modified ETSI FBE can achieve extremely good channel utilization and delay spread, even without coordination.

	Samsung
	Proposal 15: 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.

	Intel Corporation
	Observation 2: 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 27: As a baseline, the FFP aligns with the radio frame boundary.
Observation 3: 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 28: RAN1 needs to study how to support PRACH for NR-U FBE mode in accordance with ETSI BRAN regulation
Proposal 29: In FBE, in accordance with ETSI BRAN regulation only intra-FFP scheduling and HARQ report are allowed.
Proposal 30: 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 31: To reduce complexity for FBE operation, single operator scenario is prioritized.

	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.

	Qualcomm Incorporated
	[bookmark: p21]Proposal : 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





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 all UEs, and DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the COT.

	Huawei, HiSilicon
	Proposal 21: For gNB to share the MCOT 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 22: 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

UE needs to indicate the LBT priority class value it used for initiating the UL CG COT in the following cases:  
· UE does not indicate to the full remaining COT duration as allowed for gNB sharing,
·  gNB may miss UL transmissions by the UE at the beginning and/or at the end of the UL burst
· Multiple switching points are allowed within the UL CG COT. 

Observation 6: If one active resource configuration per BWP is mapped to one channel access priority class, no explicit indication is needed in the CG-UCI


	vivo
	[bookmark: _Ref3903184]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.

	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.

	MediaTek Inc.
	[bookmark: _Ref534990175][bookmark: _Ref528951164]Proposal 3: NR-U supports to share a UE-initiated COT with gNB for RACH message transmissions. 
[bookmark: _Ref528951186][bookmark: _Ref534990236]Proposal 6: Cat.4 LBT is applied by UE to initiate a COT for PUCCH transmission and this UE-initiated COT can be shared with gNB for downlink transmission. For the downlink transmission in UE-initiated COTs, LBT is decided by 
· Cat.1 immediate transmission is applied when the gap from the end of the PUCCH transmission to the beginning of the downlink transmission is up to 16usec.
· Cat.2 LBT is applied when the gap from the end of the PUCCH transmission to the beginning of the downlink transmission is larger than 16usec but not more than 25usec.
· FFS the case when the gap is larger than 25use.



[bookmark: _Ref528950346]Figure 3: When Category 4 LBT is applied to PUCCH outside of gNB-initiated COTs, this UE-initiated COT can be shared with gNB to reduce LBT overhead and the overall latency for example for a SR procedure. 


	Samsung
	Proposal 16: UE-initiated COT through CAT-4 LBT can be shared with gNB when the downlink transmission includes PDCCH and/or PDSCH intended to the UE.

	LG Electronics
	Proposal #10: It should be further discussed how to handle power imbalance between gNB and UE in case of UL-to-DL COT sharing.

	Nokia, Nokia Shanghai Bell
	Proposal 8: 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. FFS: 
Proposal 9: 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.

	Sony
	Proposal 1: UE to gNB COT sharing shall take FeLAA AUL COT sharing as a starting point.
Observation 1: UE could signal the transmission duration which is allowed to be used by gNB via CG-UCI. 
Observation 2: It is beneficial for the UE to signal the continued use of the COT for its own transmission through the signaling of a switch point indication. 
Proposal 2: Duration which is allowed to be used by gNB, possible UL continued COT occupancy, and LBT priority class should be signaled to gNB via CG-UCI.     

	InterDigital, Inc.
	Proposal 4: The UE indicates the LBT priority class when it initiates a channel occupancy using a configured grant.

	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.

	Qualcomm Incorporated
	[bookmark: p10][bookmark: _Hlk17287152]Proposal 10: 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.
[bookmark: p11]Proposal 11: 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 
· 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 
· Further study needed on how many one-shot LBT attempts is allowed for DL transmission 

	Ericsson
	[bookmark: _Toc16877941]P5: The gNB transmission within a UE initiated COT may carry control and/or data.




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.” 

FL proposal:
Q: Is the transmission duration following a Cat1 LBT restricted in addition to the limits given by the remaining COT?


	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.

	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. 

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

	Intel Corporation
	Proposal 6: 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 and explicitly indicated by gNB through DCI. 

	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 10: Cat 1 framework should support at least HARQ-ACK transmission at the beginning of the UL burst
Proposal 11: 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 provided their views on the number of Cat 2 LBT attempts in a 5 ms DRS transmission window. Since the discussion on the detailed DRS structure is still ongoing under another AI, it seems best to wait before concluding on the channel access related details for DRS.

	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.

	ZTE, Sanechips
	Proposal 12: 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.

	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.

	Intel Corporation
	Observation 1: 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 2: For the DRS with CAT2 LBT, following aspects are considered
· For 20 ms DRS periodicity, 1 ms DRS is not allowed:
· Alt 1: Put restriction in the spec to not allow 1 ms DRS duration with 20ms periodicity
· 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

	Qualcomm Incorporated
	[bookmark: p24]Proposal 24: Allow gNB to initiate transmission of SS burst from any candidate SSB position within the DRS window.
[bookmark: p25]Proposal 25: gNB should initiate SS burst transmission starting from the first available SSB occasion after LBT succeeds.

	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.




9	Wideband LBT with common measurement
	Huawei, HiSilicon
	[bookmark: OLE_LINK30][bookmark: OLE_LINK24]Proposal 10: 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 11: Semi-static and dynamic adaptation of LBT bandwidth should be supported for wideband operations of NR in the unlicensed spectrum.
Proposal 12: 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


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

	ZTE, Sanechips
	Proposal 13: LBT of LTE-LAA multiple CCs (e.g., Type A/B) manner can be used as starting point for research LBT for multiple carriers.


	Intel Corporation
	Proposal 8: The wideband LBT mechanisms from LAA can form the baseline for NR-U in DL. UL Wideband LBT mechanisms are FFS.

	Sony
	Proposal 3: In order to improve channel access performance NR-U should support network-controlled prioritization of the carrier and configured sub-bands for uplink transmissions in a wideband carrier.

	Qualcomm Incorporated
	[bookmark: p26]Proposal 26 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
[bookmark: p27]Proposal 27: 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


	Ericsson
	[bookmark: _Toc16877949][bookmark: _Toc4798116][bookmark: _Toc4798117][bookmark: _Toc4798118][bookmark: _Toc4798119]P10: In 6GHz, LBT is performed in units of nominal channel bandwidth defined by the regulations. 

	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.




10	Receiver assisted LBT   
Views both in favor and against of supporting receiver assisted LBT were expressed. Further discussions seems necessary before concluding on support for this.
Receiver assisted LBT is supported:
· ZTE, Sanechips, Samsung
Receiver assisted LBT is not supported:
· Huawei, HiSilicon, Charter Communications, Intel, Nokia, Nokia Shanghai Bell

	Huawei, HiSilicon
	Proposal 27:  Receiver-assisted LBT mechanisms such as RTS/CTS-like are not supported in NR-U Rel-16.

	ZTE, Sanechips
	Proposal 19: 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.

	Intel Corporation
	Proposal 26: Receiver assisted LBT mechanisms are not supported in Rel-16.

	Nokia, Nokia Shanghai Bell
	Observation 2: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.
Proposal 12: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Proposal 13: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.

	Ericsson
	Observation 1	Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design




11. 	Directional LBT 
Views both in favor and against of supporting directional LBT were expressed. Further discussions seems necessary before concluding on support for this.
Directional LBT is supported:
· ZTE, Sanechips, Samsung
Directional LBT is not supported:
· Huawei, HiSilicon, Intel, Nokia, Nokia Shanghai Bell

	Huawei, HiSilicon
	[bookmark: OLE_LINK29][bookmark: OLE_LINK28]Proposal 26: For NR-U operations in sub-7GHz bands, directional LBT mechanisms are not supported.  

	vivo
	

	ZTE, Sanechips
	Proposal 14: Directional LBT should at least be supported for beam-based SS/PBCH block transmission in order to avoid inaccurate CCA detection problems. 
Proposal 15: 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 17: Directional LBT can be supported at least for NR-U/NR-U coexistence.

	Intel Corporation
	Proposal 24: Directional LBT is not supported in Rel-16.

	Nokia, Nokia Shanghai Bell
	Proposal 14: Directional LBT is not supported for NR-U in sub-7 GHz bands




12. 	Spatial re-use
	Huawei, HiSilicon
	Proposal 28: The following mechanisms for enhancing the spatial reuse should be studied:
· Methods to determine whether interference originates from other NR nodes, by transmission/detection of:
· NR-U signals
· Zero-power resource elements
· LBT for transmission alignment among coordinated NR nodes

	vivo
	[bookmark: _Ref536634449]Proposal 8: Coordinated LBT schemes should be considered in NR-U.

	ZTE, Sanechips
	[bookmark: OLE_LINK17]Proposal 16: 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 17: For blank pattern scheme, RAN1 can send an LS to RAN4 in order to evaluate the feasibility of this scheme.
Proposal 18: 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.   

	Intel Corporation
	Proposal 25: LBT mechanisms facilitating spatial reuse or interference mitigation are not supported in Rel-16.



14. 	Other 
	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
· 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
6 GHz: co-ex:
Observation 3: UPT of both 802.11ax and NR-U will increase while using higher common PD/ED threshold.
Observation 4: The UPT of NRU will degrade when lower PD than ED is adopted in NR-U due to lack of spatial reuse when PD is effective. 
Proposal 25: The channel access mechanism of LTE-LAA should be reused in NR-U for coexistence in the 6 GHz unlicensed band.

	vivo
	[bookmark: _Ref536634453]Proposal 3: The channel access type for the later DL transmission burst for multiple switching points within a gNB-initiated COT should be further studied if the UL transmission before it fails.  

	ZTE, Sanechips
	Proposal 10: Cat-4 LBT can be used for the following cases:
· Before the DRS multiplexed with unicast date are transmitted (agreed in RAN1#96).
· Before DRS burst set starts transmission and DRS burst set duration is larger than 1 ms or the total duty cycle of DRS transmission in DRS burst set period is larger than 1/20.
Proposal 11: Cat-2 LBT can be considered to be used in the following situations:
· Case 1: Within DRS burst set, if there is an empty symbol/gap between DRS bursts (half-slot),.
· Case 2: Within DRS transmission window, if a new DRS burst set is initiated by gNB and its duration is smaller than or equal to 1ms and the total duty cycle of DRS transmission in a DRS burst set period is not larger than 1/20, or if gNB uses Cat4 LBT to detect channel busy all the time and only a few SSB candidate positions (e.g., 2 SSBs) remain before the ending of DRS transmission window.
· Case 3: Before DRS burst set that only occupies 1 ms channel time, which is similar to LTE-LAA DRS.
· Case 4: If the adjacent two SSBs (DRS bursts (half-slot)) within DRS burst set is non-QCL’d relationship and there is a gap between non-QCL’d SSB.
· Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
· Case 5: for case where multiple sub-band case in the wideband operation or multiple carriers/BWPs case.

	MediaTek Inc.
	[bookmark: _Ref528951204]Observation 2: If two or more steps belonging to a same procedure (e.g. Msg1/2/3/4 in 4-step RACH) can be transmitted in the same COT, the overall LBT overhead in the procedure can be reduced.
[bookmark: _Ref534990098]Observation 3: Sharing an UE-initiated COT with gNB is supported by regulation. 
[bookmark: _Ref528951140]Proposal 2: NR-U should strive to minimize the overall LBT overhead in a RACH procedure (instead of the LBT duration for an individual RACH message).
[bookmark: _Ref528951211]Observation 4: In NR, the timing gap between Msg1 transmission and Msg2 reception is much shorter than that between Msg2 reception and Msg3 transmission because gNB has higher computational capability. It is hence beneficial to support Msg2 transmission in the same COT as Msg1. 
[bookmark: _Ref534990115]Observation 5: Random Access over NR is classified into two major types: (1) High Priority (beam failure recovery, handover) and (2) low priority (initial access, timing alignment, and RRC reconfiguration).
[bookmark: _Ref534990224]Proposal 4: CAPC for RACH message should be based on the purpose for RACH.
[bookmark: _Ref534990230]Proposal 5: High priority CAPC should be chosen for Handover and Beam Failure Recovery and low priority for other use cases.
[bookmark: _Ref535052963]Proposal 8: CAPC for UL SR could be based on multiple options:
· Network (gNB) can explicitly configure CAPC for UL SR transmissions.
· UE can map UL Logical channel priority values to CAPC for SR. 
· Alternatively, UE can use UL QCI to determine the CAPC for SR. 
[bookmark: _Ref4666990]Observation 8: ETSI has not specified how initiating devices should handle gaps in its own transmission that are larger than 25us.
[bookmark: _Ref4667160]Proposal 10: 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.
[bookmark: _Ref15910353][bookmark: _Ref4667006]Observation 9: 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.
[bookmark: _Ref4667168]Proposal 11: 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 10: 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 11: 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 12: There is no ETSI restriction on which ETSI priority class to use for what traffic.
[bookmark: _Ref7790363]Observation 13: 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.
[bookmark: _Ref7790435]Proposal 12: Research alternative adaptivity mechanisms that are less wasteful of bandwidth when considering the 6GHz spectrum allocations.
[bookmark: _Ref7790289]Observation 14: ETSI BRAN defined LBE adaptivity results in excessive access delay due to excessive collisions with competing devices of the same device class.
[bookmark: _Ref7790436]Proposal 13: Research alternative adaptivity mechanisms that limit excessive average delay when considering the 6GHz spectrum allocations.
Observation 15: 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 16: 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 10: 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 14: Research alternative adaptivity mechanisms that prevent precipitous channel collapse around the region of congestion when considering the 6GHz spectrum allocations.
Observation 17: 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.
[bookmark: _Ref4825765]Observation 18: 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.
[bookmark: _Ref4825792]Proposal 15: 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.


	OPPO
	Proposal 3: Introduce prioritized LBT mechanisms for contention-free PRACH transmission through PDCCH order.

	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.
Proposal 21: NR-U should support the same LBT and transmission rule defined for LTE-LAA operation in Japan, at least for 5GHz unlicensed spectrum.

	LG Electronics
	Proposal #9: 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.
Proposal #11: In order to handle PRACH block issue due to TA difference between FDMed PUSCH/PUCCH and PRACH, consider following options:
	Option 1: Adjusting the starting position of PUSCH/PUCCH transmission in RACH slot
	Option 2: Adjusting the duration of CCA slot or TA value for PRACH transmission

	Intel Corporation
	Proposal 4: 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 5: Channel access procedure for the case when configured grant and grant based transmission occur consecutively should be considered.
Proposal 7: COT with multiple switching points is supported and LBT conditions for these switching points should be further studied.

	Sony
	Proposal 4: 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.

	VODAFONE
	Note: Equation from 37.213, Section 4.1.5 

Proposal 1: Capture the above equation in the NR-U specifications to ensure that a LBT bandwidth of 10 MHz is feasible for Band n46

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

	Qualcomm Incorporated
	[bookmark: p22]Proposal 22: 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 
[bookmark: p23]Proposal 23: The starting points for UL transmissions in NR-U should be specified consistent with ETSI specifications 
[bookmark: p28]Proposal 28: LBT in 10MHz BW is supported with ED threshold 3dB lower than that for 20MHz BW.

	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 If Msg3 is not multiplexed with user specific data, Msg3 can be sent using the highest priority class. If user plane data is multiplexed with Msg3, the channel access priority class is selected according to the multiplexed data.

	Motorola Mobility, Lenovo
	Proposal 1: PRACH should be designed for using channel access type 2 or no LBT.
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.

	Broadcom Limited
	Proposal 2: NR-U shall use the same mechanism as in LAA for grant-only transmissions i.e. the LBT priority class shall be based on the data to be transmitted on the UL (as anticipated from the latest BSR and UL traffic received from the UE).
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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.


image1.emf
time

LBT slot PUSCH

PUCCH PDSCH

...

CWS adjustment 

for DL

HARQ-ACK

... ...


Microsoft_Visio___21.vsdx
time
LBT slot
PUSCH
PUCCH
PDSCH
...
CWS adjustment for DL
HARQ-ACK
...
...



image2.emf
COT 0 time

Subband 1

Subband 0

COT 1

... ...

...

Available HARQ-ACK 

values for CWS adjustment

Initiate Cat-4 LBT for 

subband 0 and subband 1

COT 0 time

Subband 1

Subband 0

COT 1

... ...

...

Available HARQ-ACK 

values for CWS adjustment

Initiate Cat-4 LBT for 

subband 1


Microsoft_Visio___32.vsdx
COT 0
time

Subband 1
Subband 0
COT 1
...
...
...
Available HARQ-ACK values for CWS adjustment
Initiate Cat-4 LBT for subband 0 and subband 1
COT 0
time

Subband 1
Subband 0
COT 1
...
...
...
Available HARQ-ACK values for CWS adjustment
Initiate Cat-4 LBT for subband 1



image3.png
j—

DL burst

Slot

CaseA)

DL burst

Fartial slot





image4.png
Cat-4 LBT

UL Burst

\

DL Burst

CORESET with UL grant or DFI-DCI




image5.wmf
p

CW


oleObject1.bin

image6.wmf
C

c

i

Î


oleObject2.bin

oleObject3.bin

image7.wmf
{

}

1,2,3,4

p

Î


oleObject4.bin

oleObject5.bin

image8.wmf
p

p

CW

CW

min,

=


oleObject6.bin

image9.png




image10.emf
C

a

t

4

 

L

B

T

PUCCH

L

B

T

DL

UE-initiated COT


Microsoft_Visio_2003-2010_Drawing21.vsd
Cat4 LBT


PUCCH


LBT


DL


UE-initiated COT



image11.emf
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  

 


