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Introduction
This document provides our view on channel access procedures in NR-based access to Unlicensed spectrum (NR-U). Following aspects are discussed:
· CWS adjustment
· Impact of RF transient period on the design of Cat-2 LBT
· Cat-2 LBT with the duration other than 25 usec
[bookmark: _Ref462918989]The related agreements are quoted in section 5. 
Discussion 
2.1 CWS adjustment 
LTE-LAA supports dynamic CWS adaptation based on HARQ-ACK feedback corresponding to the TBs sent over the LAA carrier. If more than a certain percentage (e.g. 80% in Rel.13 LTE-LAA) of HARQ-ACK corresponding to the TBs in the first subframe are NACK/DTX, the CWS is increased; otherwise, the CWS is reset to the minimum value. This function could reduce collisions among nodes and provide efficient resource usage. 
In RAN1#95, in case of CBG-based HARQ and LBT cat-4, enhancements for defining how to adjust the CWS based on TB- and CBG-level HARQ-ACK were agreed as beneficial in HARQ agenda. From our perspective, however, the CWS adaptation based on only TB-level HARQ-ACK could be sufficient. If collisions happen among other nodes like Wi-Fi, LAA or other NR nodes, most of CBG-based HARQ-ACK feedbacks corresponding to a TB would be more likely to NACK/DTX. Although collisions of one or a few symbol(s) by other nodes could cause only some CBG’s NACK/DTX but not the whole TB’s NACK/DTX, we consider that could be less event compared with some CBG's NACK/DTX caused by channel condition like fading.
Here, to consider only TB-level HARQ-ACK feedback means the whole CBGs for a TB are HARQ-NACK or DTX when CBG is configured. To consider only one or some CBG over whole CBGs for a TB is also possibility. 
Proposal 1: CWS adaptation is based on only TB-level HARQ-ACK feedback. In case of CBG based transmission, it means the whole CBGs for a TB is NACK. We are open to have some threshold to judge TB-level HARQ-ACK when only some CBGs for a TB are NACK.

2.2 Impact of transient period on Cat-2 LBT
It has been agreed in NR-U Cat-2 LBT can be used to sense the channel during a gap in the gNB’s acquired COT, if the gap is larger than 16 us but not more than 25 us. The gap can be between DL and UL bursts, between UL and UL bursts, or between UL and DL bursts.  However, it is still to be clarified whether such gap includes the RF transient period or not, because it impacts the accuracy of the CCA significantly as will be analyzed in the following.
Consider the UL transmission as an example. In 38.101, the general power ON/OFF time mask is defined in Figure 6.3.3.2-1 which is copied and pasted here 
[image: ]
As can be observed from the figure, there is a 10 us transient period at the beginning of the transmission due to RF power ramping from OFF to ON. Similarly, there is also a 10 us transient period at the end slot due to power ON to OFF. 
Since the actual power in the transient period is undefined, for NR-U, it could happen that if CCA overlaps with the transient period, the LBT could fail unnecessarily. One such example is illustrated by Fig.1 below.


Fig.1 Unnecessary channel blockage due to transient period
In Fig.1, UE_a can perform UL transmission without LBT because the gap is less than 16 us. However, UE_b can transmit only if the Cat-2 LBT is passed. If the CCA measures the residual power of UE a transient period, it is likely LBT would fail and UE_b is blocked unnecessarily. Therefore, the design of CCA for Cat-2 LBT should avoid the transient period. 
To summarize, we have the following proposal:
Proposal 2: It should be clarified the gap defined for DL UL, UL UL, UL DL  within gNB’s acquired COT includes the transient period or not. 

[bookmark: _Hlk7172273]2.3 Cat-2 LBT with the duration other than 25 usec
In RAN1#96bis, following was agreed:
	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




If Alt 1 is supported, cat-2 LBT with the duration other than 25 usec should be considered. As the agreement mentions “gNB ensures that gaps between 16 and 25 microseconds do not occur”, 16 usec duration can be possibility. If Alt 2 is supported, only cat-2 LBT with 25 usec duration would be sufficient. Therefore, to choose one of the two alternatives is depending on the necessity of cat-2 LBT with 16 usec duration in our understanding.
One potential situation where cat-2 LBT with 16 usec duration could be beneficial is shown in Fig 2. As can be seen in the figure, two ULs of UE_a, a UL of UE_b and a UL of UE_c are scheduled within a LBT bandwidth. The two ULs of UE_a, and UL of UE_b and UE_c are TDMed respectively. If only cat-2 LBT with 25 usec is supported, UE_b would need to operate cat-2 LBT with 25 usec before transmitting UL, i.e. 25 usec gap (shown in red in Fig 2) would be necessary between UL of UE_c and UE_b. In addition, considering cat-2 LBT of UE_b, 25 usec gap would be necessary also between two ULs of UE_a. If there is such 25 usec gap between two ULs of the same UE, the two UL could not be treated as a UL burst based on the agreement in RAN1#95 (shown in Appendix). Thus, UE_a also has to operate cat-2 LBT with 25 usec duration before transmitting the latter UL, which means UE_a could lose the channel occupancy depending on the channel condition. 


Fig 2. 
If Alt 1 is supported, and if cat-2 LBT with 16 usec duration is also supported, cat-2 LBT by UE_a in above situation can be avoided. In the Fig.2, the gap duration between two ULs of UE_a would be 16 usec. As a UL burst is defined as “a set of transmissions from a given UE having no gaps or gaps of no more than 16 us” in the agreement in RAN1#95, the two UL of UE_a would be treated as a UL burst. At the same time, gap between UL of UE_c and UL of UE_b is also 16 us, and UE_b can perform Cat-2 LBT with 16 us. 
Based on above, we propose as follows:
Proposal 3: To support Alt 1 and cat-2 LBT with 16 usec duration would be beneficial.

Conclusion
Proposal 1: CWS adaptation is based on only TB-level HARQ-ACK feedback. In case of CBG based transmission, it means the whole CBGs for a TB is NACK. We are open to have some threshold to judge TB-level HARQ-ACK when only some CBGs for a TB are NACK.
Proposal 2: It should be clarified the gap defined for DL UL, UL UL, UL DL  within gNB’s acquired COT includes the transient period or not. 
Proposal 3: To support Alt 1 and cat-2 LBT with 16 usec duration would be beneficial.

Appendix 
Past agreements
Agreements in #93
	Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.
Agreement: 
· Initial active DL/UL BWP is approximately 20MHz for 5GHz band
· The final value will be quantized to number of PRBs
· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band
· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz




Agreements in #94
	Agreement: 
In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation

Agreement:
· For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


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


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



· To be captured into the TR:
· Note: Applicability of an LBT scheme other than Cat 4 for control messages related to initial/random access, mobility, paging, reference signals -only, and PDCCH-only transmissions, e.g. “RACH message 4”, handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. 
· Further discuss in the work item the aspects related to the note 

Agreement:
· At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 us between any two transmissions in the COT, the rules defined below apply for the DL burst following a UL burst:
	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 us 





Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 us. Transmissions from a gNB having a gap of more than 16 us are considered as separate DL bursts.
· FFS: The case where the gap between a DL and UL transmission may be larger than 25 us

Agreement:
· Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the rules defined below:
	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


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 us. Transmissions from a UE having a gap of more than 16 us are considered as separate UL bursts.
· Note: the number of LBT attempts within a COT should be discussed further during the WI.

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

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

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

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

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



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

Agreement:
Adopt the following text for the TR:
· Means to reduce or mitigate the impact of interference e.g. from hidden nodes with UE assistance have been studied. Possible mechanisms include at least:
· Enhancements to L1 measurement and reporting of interference observed by a UE 
· Handshaking procedures between transmitter and the receiver
· Further consideration is required regarding the detailed solutions and their benefits for mitigation of impact of interference on NR-U when the specifications are to be developed.

Agreement:
Adopt the following text for the TR:
· Means to facilitate spatial reuse, or frequency reuse 1 operation of NR-U have been studied. Possible mechanisms include at least:
· alignment of starting points for transmission (and consequently time instances for at least the last CCA)
· exchange and coordination of LBT related parameters amongst different NR-U gNBs or UEs
· means to determine whether interference originates from other NR-U nodes
· Enhancements to L1 measurement and reporting of interference observed by a UE
· adjustment of energy/signal detection thresholds
· Further consideration is required regarding the detailed solutions and their benefits for facilitating spatial reuse in NR-U when the specifications are to be developed, taking into account regulations.

Agreement:
Adopt the following text for the TR:
“Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported. 

Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied.
Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.”

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





Agreement in RAN1#95:
	Agreement:
· For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


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


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



· To be captured into the TR:
· Note: Applicability of an LBT scheme other than Cat 4 for control messages related to initial/random access, mobility, paging, reference signals -only, and PDCCH-only transmissions, e.g. “RACH message 4”, handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. 
· Further discuss in the work item the aspects related to the note 

Agreement:
· At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 us between any two transmissions in the COT, the rules defined below apply for the DL burst following a UL burst:
	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 us 





Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 us. Transmissions from a gNB having a gap of more than 16 us are considered as separate DL bursts.
· FFS: The case where the gap between a DL and UL transmission may be larger than 25 us

Agreement:
· Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the rules defined below:
	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


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 us. Transmissions from a UE having a gap of more than 16 us are considered as separate UL bursts.
· Note: the number of LBT attempts within a COT should be discussed further during the WI.

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

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

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

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

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



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

R1-1814176	Feature Lead’s Summary on Offline Discussion for Channel Access Procedures	Nokia, Nokia Shanghai Bell

Agreement:
Adopt the following text for the TR:
· Means to reduce or mitigate the impact of interference e.g. from hidden nodes with UE assistance have been studied. Possible mechanisms include at least:
· Enhancements to L1 measurement and reporting of interference observed by a UE 
· Handshaking procedures between transmitter and the receiver
· Further consideration is required regarding the detailed solutions and their benefits for mitigation of impact of interference on NR-U when the specifications are to be developed.

Agreement:
Adopt the following text for the TR:
· Means to facilitate spatial reuse, or frequency reuse 1 operation of NR-U have been studied. Possible mechanisms include at least:
· alignment of starting points for transmission (and consequently time instances for at least the last CCA)
· exchange and coordination of LBT related parameters amongst different NR-U gNBs or UEs
· means to determine whether interference originates from other NR-U nodes
· Enhancements to L1 measurement and reporting of interference observed by a UE
· adjustment of energy/signal detection thresholds
· Further consideration is required regarding the detailed solutions and their benefits for facilitating spatial reuse in NR-U when the specifications are to be developed, taking into account regulations.

Agreement:
Adopt the following text for the TR:
“Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported. 

Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied.
Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.”

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






Agreements in RAN1 AH1901:
	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




Agreements in RAN1#96
	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




Agreements in RAN1#96bis
	Agreement:
The following agreement from the SI is updated as shown:
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	[bookmark: _Hlk5777585]DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms
[bookmark: _Hlk5777630]Cat4 with any channel access priority class value can be used 

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

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



Agreement:
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
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