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Introduction
[bookmark: _GoBack]In RAN#82 a new WI [1] for NR based access to unlicensed spectrum was approved following the closure of the corresponding SI [2,3]. The agreements and conclusions of the SI are captured in TR38.889 [4]. The objectives of the WI include specifying physical layer procedures for the following:
· For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.
· For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.
In this paper, we discuss various aspects on channel access mechanisms for NR-unlicensed operation. 
Previous Agreements
RAN1#92b
Agreement:
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

RAN1#93
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design
Agreement:
· 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.

RAN1#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

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 usec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 usec 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 usec
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 usec
· 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

	[bookmark: _Hlk3954555]
	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
RAN1#AH-1901
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

RAN1#96
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


Discussions
Access on unlicensed spectrum is typically granted after a listen-before-talk (LBT) procedure. The LBT procedure may involve the contending node monitoring the medium for ongoing channel usage prior to acquiring the medium for transmission. In LTE-LAA, the contending node was required to monitor the channel for energy for a certain random length of time and compare the received energy against a threshold (energy detection, CCA procedure). This basic scheme, while simple and technology agnostic, could be enhanced in NR to improve reliability, coexistence and channel reuse. 
Factors that play a role in NR-U design include (1) enhancements in baseline NR technology and (2) synchronization across operators. 
On (1), 5G-NR allows for features such as flexible frame structures and slot structures, which can be leveraged effectively for baseline NR-U performance. Further enhancements could be made by (2) time synchronization across nodes of operators. This may be especially suitable for, but not limited to, new bands that are in scope of NR. With synchronous mode of operation, the precise locations of reservation signals may be known. This property can be exploited for more effective sharing across operators, leading to improvements in throughputs, reliability and higher QoS.   
We would like to outline a few high-level principles in this section for LBT in NR-U:
· Reliability: It is desirable to ensure that channel contention achieves the stated objective of ensuring reliable operation over the unlicensed spectrum
· For instance, schemes based purely on energy detection at the transmitter may not be able to mitigate hidden node interference at the receiving node, hence compromising on reliability.
· Channel reuse: The penalty paid for reliability enhancement in LBT procedures is the loss of channel reuse. We would like to propose judicious use of this significant resource, i.e., channel reuse loss should be limited to the specific situations where it is necessary. 
· The absolute level of channel reuse could well be a function of loading, node density etc. but it seems appropriate to strive to achieve the correct reuse – reliability trade-off in the next generation of unlicensed systems.
· Coexistence: More the shared information between two nodes, the better they are likely to co-exist. 
· In this spirit, it seems desirable to introduce some form of over-the-air signalling in NR-U design for better channel reuse. This could be as simple as a channel usage indication to the other node. 
In the next few sections, we provide our view on channel access mechanisms for different cases, including
· LBT enhancements for sub 7GHz band
· LBT for deployment scenario with licensed UL carrier
· LBT for FBE operation
As we can see, for each case, there are multiple channel access mechanism designs we can consider with different complexity and performance trade-off. Unlike LTE-LAA where one specific use case and specific band is considered, we believe NR-U should be designed to be applicable all unlicensed/shared use cases under different environments. Therefore, we should not target to narrow down to one specific design. Instead, multiple LBT mechanisms can be supported and the usage is controlled by configuration according to the regulation and operator deployment.
[bookmark: p1]Proposal : NR-U supports multiple channel access mechanisms and the usage is configurable by operator to follow local regulations for the band NR-U is deployed in.
LBT Related Enhancements
1.1. LBT type indication
Based on the previous agreements, NR-U supports multiple types of LBT (cat-1 Immediate transmission (no LBT), cat-2 LBT, cat-4 LBT etc). In some cases, the type of LBT to use also depends on the gap duration between transmissions. In many cases, the UE may not be aware of the COT structure or the gap durations which may limit its ability to determine the LBT type. Hence, we prefer the gNB indicating the LBT type to the UE.  
[bookmark: p2]Proposal : For UL, the gNB may indicate to the UE, dynamically or semi-statically, the type of LBT to be used by the UE for a transmission or type of transmission.
1.2. Cat-2 LBT Design for NR-U
In LAA Cat-2 LBT was defined over a fixed measurement period of 25us. The measurement period is split into three slots with the first and last slot being 9us long and the middle slot being 7us long as is shown in Figure 1. A node wishing to transmit is required to measure energy for at least 4us independently in the first and third slot and the LBT is said to pass if both these energy measurements are lower than the ED threshold. Which 4us of the 9us to use is left to implementation. For example, the node may choose to do the measurement in the initial portion of those slots and use the remaining time of that slot for processing.


[bookmark: _Ref534817313]Figure 1: Cat-2 LBT design in LTE-LAA
For NR-U, several agreements were made related to channel access where different LBT types were proposed to be used based on the switching gap such as Cat-1 immediate transmission for gap <= 16us and Cat-2 LBT for gap not larger than 25us. Thus, there is a need to define cat-2 LBT for gap of duration <= 25us. We propose to adapt the design in LAA to accommodate the smaller measurement periods by reducing the slot duration / dropping one of the slots based on the measurement period (MP). Specifically, we propose the following:
[bookmark: p3]Proposal : The cat-2 LBT measurement period is split into three slots of duration X, Y, Z for slot 1,2, and 3 respectively. 
· Separate energy measurements are done on the first slot and the third slot with each measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if both the measured energy metrics are lower than the ED threshold. 
· The duration of the slots X, Y and Z as function of the measurement period, MP, is given below:
· For 18<MP<=25: X=9us, Y= (MP-18) us, and Z= 9us
· For 13<MP<=18: X=(MP-9) us, Y=0us, Z=9us 
Note that it is important to allow the full 9us for the last slot as the UE/gNB has to transmit right after this slot and hence it needs the extra processing time.
1.3. LBT aspects for gNB acquired COT
Support of multiple switching points with gap > 25us was left open in previous agreements. Subsequently, the agreements made related to LBT requirements also did not address this case. Due to the faster timelines in NR it is possible to obtain CSI / ACK/NACK feedback of ongoing transmissions in the same COT and then update the transmission parameters (such as MCS) for subsequent transmissions. Similarly, for UL, it may be desirable to support updating the MCS value based on outcome of previous PUSCH or SRS receptions in the same COT. In some cases, the PUSCH transmission in gNB acquired COT may need a gap of 25us or more to perform LBT and due to processing timeline considerations and hence it is important to support multiple switching points with gaps > 25us. Some examples of such an operation requiring multiple switching points with gap >25us are shown in Figure 2.




[bookmark: _Ref534789849]Figure 2: LBT options for multiple switching points that incldue gap > 25us
In our view, multiple switching points with gap > 25us should also be allowed at least for the case where the switching in data transmission direction always happens with a cat-2 LBT. The additional switching points may be for control transmission and should be supported with cat-1 immediate transmission (no LBT mode) as well as one-shot LBT mode. We hence make the following proposal:

[bookmark: p4]Proposal : In a gNB acquired COT, multiple switching points with gap between transmissions that exceed 25us is supported at least for the case where any switch in data transmission direction (PDSCH to PUSCH or PUSCH to PDSCH) uses cat-2 LBT
· In such cases, for switching to and from data/control transmission in one direction and control transmission in the other direction the following LBT scheme is used
· Immediate transmission if the switching gap is less than 16us
· Cat-2 LBT for switching gap greater than 16us 
1.4. UE acquired COT sharing
COT sharing between UL and DL for the same UE
When UE accesses medium via Cat-4 LBT outside of a gNB COT, it is possible for UE and gNB to share the UE acquired COT to schedule DL data to the same UE. UE COT information can be indicated in UCI such as CG-UCI for configured grant PUSCH resources and in PUCCH for scheduled PUSCH. In addition, gNB may indicate UE to end its configured grant/scheduled PUSCH transmission earlier to leave LBT gap for gNB to access the medium. gNB may also indicate to UE that it has DL traffic so that UE can end its transmission earlier for DL transmission.
The COT sharing between UL and DL for the same UE is shown in Figure 3 for the case when UE acquired the COT for a configured grant transmission. Note also that COT sharing between AUL and DL control has been introduced for AUL in FeLAA.



[bookmark: _Ref506206125]Figure 3 UE COT sharing between UL and DL
COT sharing between configured grant UL and scheduled UL for the same UE
When UE accesses medium via Cat-4 LBT outside of a gNB COT, it is also possible for UE and gNB to share the UE COT to schedule more UL data to the same UE. Typically, SUL can achieve better link efficiency due to the dynamic scheduling.
In order for SUL to share the same COT with CGUL, UE can include SR in CG-UCI to indicate to gNB that it has data to be scheduled. UE may autonomously leave LBT gap for gNB to perform medium sensing and may choose to autonomously terminate its CGUL transmission early for gNB to schedule in UL (provided the processing time for gNB to decode CG-UCI and prepare UL grant). The SR in CG-UCI can have a smaller processing time compared to the buffer status in UL data.
The COT sharing between SUL and CGUL for the same UE is shown in Figure 4.


[bookmark: _Ref506206241]Figure 4 UE COT sharing between CGUL and SUL
The following agreements were already made in previous meetings regarding COT sharing by UE in context of configured grant
· It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.
· Additional information fields can be considered to be included in the UCI, e.g. UE-ID, COT sharing information, PUSCH duration, etc.

To make further progress on this topic, we make the following proposals:
[bookmark: new_p5]Proposal : UE acquired COT can be shared with gNB at least for transmitting DL signals (PDSCH, PDCCH, reference signals) meant for the 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.
LBT aspects for UE acquired COT
Similar to the multiple switching points agreement made for sharing gNB COT, we propose to make the following agreement for UE acquired COT sharing. With UE acquired COT sharing there may be some coexistence related concerns related to a first UE acquiring the medium and then sharing with gNB that then shares it with another UE. Hence, we propose for now to make the agreement at least for the case where the COT is used only for data/control for the UE(s) that acquired the COT. 
[bookmark: p5]Proposal : 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/data 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 can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: Cat-2 LBT can be used 
· Restrictions/conditions on when Cat-2 LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, if the gap from UL transmission to DL transmission exceeds 25us: Cat-2 LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for DL transmission 
· For multiple switching points with gap between transmissions that exceed 25us, at least for the case where any switch in data transmission direction (PDSCH to PUSCH or PUSCH to PDSCH) uses Cat-2 LBT, for switching to and from data/control transmission in one direction and control transmission in the other direction
· Immediate transmission if the switching gap is less than 16us
· Cat-2 LBT for switching gap greater than 16us
1.5. Restrictions on use of Cat-1 Immediate Transmission
The following was agreed in RAN1#95 with regards to use of Cat-1 Immediate transmission
· 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 usec
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 usec
· 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



For coexistence in unlicensed spectrum, a node that wishes to transmit should typically sense the channel before transmission. An exception is made though with Cat-1 immediate transmission where a UE may transmit based on sensing done by gNB and vice-versa when the gap between the transmissions is small (<16us). Allowing such a mode lets the nodes exchange control information such as ACK, RS, grants etc which is useful to be sent even if the node may be seeing other transmissions. However, use of such a mode without any restrictions could lead to increased interference in hidden node scenarios. We thus propose that some limits be placed on the duration of a transmission burst if it is done with cat-1 immediate transmission by a node that has not performed any LBT in the COT.
[bookmark: p6]Proposal : NR-U can consider introducing a limit on the duration of each transmission burst sent with cat-1 immediate transmission by a node that has not performed any LBT in the COT.
1.6. CWS Adjustment
The LTE-LAA/eLAA CWS adjustment rules are based on concepts specific to LTE and hence may require updates / clarifications when translated to NR. In particular, the following aspects need to be considered: 
· In LTE-LAA/eLAA, CWS adjustment was a function of HARQ-ACK feedback for transport blocks, NR introduces CBG level HARQ-ACK. The question then arises as to how a set of CBG level ACK/NACK messages are processed to update CWS.
· HARQ-ACK feedback may be more granular in the frequency domain as well. Note the 20 MHz sub-band based LBT in this context.
· The timeline between PDSCH and ACK in NR-U offers more flexibility and may not be a constant value, depending on configuration. 

The following was agreed for CWS update in NR-U:
· 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

We provide proposals with further details below.
CW Update Metric
As mentioned earlier, in LTE-LAA/eLAA, CWS adjustment was a function of HARQ-ACK feedback for transport blocks. 
Highlighted text is from LTE-LAA CWS adjustment procedures: 




“…	if at least  of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe are determined as NACK, increase  for every priority class ..”
Although ACK/NACK feedback does give some indication of the congestion, they are a very indirect indication. For example, for the same interference level, if the TB size was smaller, we may get an ACK instead of a NACK. This would then not be considered as congestion. NR-U should consider using a different approach to update the contention window. It can be based on some other UE feedback such as SINR on the reference subframes vs other subframes, interference level etc rather than rely on just ACK/NACK feedback.
[bookmark: p7]Proposal : Consider using metrics such as CQI feedback, or introducing new feedback such as SINR or interference level report in addition to HARQ-ACK feedback for CWS update.
If, however, we decide to continue to use HARQ- ACK feedback as in LTE-LAA, we need to consider differences in NR. For example, HARQ-ACK may be of different granularity (TB level or CBG level). If, on the reference slot, different PDSCH are ACK-ed at different CBG granularities, that needs to be considered in determining the CWS update metric Z. Additionally if a partial slot is considered as part of the reference slots(s), the CBG feedback for CBs that are punctured should not be considered for contention window update. An exception may be made for TBs on partial slot that have no CBGs that are not punctured. We make the following proposal to use CBG level ACK/NACK feedback. 
[bookmark: p8]Proposal : For TBs containing at least one valid CBG (i.e. CBG with no puncturing) define an ACK metric as number of ACKs for valid CBGs/ number of valid CBGs. For TBs not containing any valid CBGs, use ACK feedback for the last CBG as the ACK metric. Define Z, a metric that will be used for CWS update, as average of the ACK metrics of TBs in the reference slot(s).
Reference Slot for CWS Update
Highlighted text is from LTE-LAA CWS adjustment procedures: 

“.. Reference subframe  is the starting subframe of the most recent transmission on the carrier made by the eNB, for which at least some HARQ-ACK feedback is expected to be available…” 
Reference subframe is defined as the first subframe of the most recent COT, essentially, for LTE-LAA. In NR, the HARQ timelines are configurable and hence variable. For example, we may receive HARQ feedback for a slot that appears later in the COT earlier than the feedback for the first slot. Also, the slot sizes in NR are smaller than that in LTE-LAA. Taking these differences into consideration, we propose the following for reference slot for NR-U:
[bookmark: p9]Proposal : Reference slots comprises all slots in the first K slots of the COT whose ACK feedback is available when ACK feedback first becomes available for a full slot from any of the first K slots of the COT
· FFS Value of K
Contention Window Size (CWS) for different LBT subbands
If a PDSCH transmission is contained within a subband used for LBT, then the HARQ-ACK may be used to update the CWS within that sub-band. However, if a PDSCH spans multiple LBT subbands, and if a particular CBG HARQ feedback corresponds only to CB(s) spanning one of the subbands, say, then the CWS update rule seems to require further revision. We thus make the following proposal:
[bookmark: p10]Proposal : CWS is maintained per LBT subband. For CWS update of an LBT subband, only CBGs that overlap with that LBT subband are considered

1.7. Starting Points for UL transmissions
According to the latest ETSI specifications [5], the following is allowed for starting point of UL transmissions: 

“… b)      The Responding Device that does not proceed with such transmissions within 16 µs after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel during a single Observation Slot within a 25 µs period ending immediately before the granted transmission time. If energy was detected with a level above the ED Threshold defined in clause 4.2.7.3.2.5, the Responding Device shall proceed with step [1) c)]. Otherwise, the Responding Device shall proceed with step 2). 
[c)     If the Initiating Device granted multiple transmission times to the Responding Device, the Responding Device shall increment g by 1 and the Responding Device shall proceed with step 1) d). Otherwise, the Responding Device shall proceed with step 3). 

d)      If g ≤ 10, the Responding Device may proceed with step 1) b). Otherwise, the Responding Device shall proceed with step 3).]
2) The Responding Device may perform transmissions on the current Operating Channel for the remaining Channel Occupancy Time. The Responding Device may have multiple transmissions on this Operating Channel provided that the gap in between such transmissions does not exceed 16 µs. When the transmissions by the Responding Device are completed the Responding Device shall proceed with step 3)…”
As per these specifications, multiple UL bursts can be allowed within a TxOP and there can be up to 10 attempts to start each UL burst in the case of scheduled uplink transmissions. Previous studies [6] have also shown no-coexistence issues with such a frequency of LBT attempts.
[bookmark: p11]Proposal : The starting points for UL transmissions in NR-U should be specified consistent with ETSI specifications 

1.8. Starting Points for DRS transmissions
For shift granularity of SS burst within the DMTC window, it is preferable to allow as many DL burst start positions as possible to increase likelihood of successful DRS transmission. This can potentially be achieved by keeping granularity of SS burst shift same as SSB occasion period (i.e. SS burst can start from any SSB position within the DMTC window). 
[bookmark: new_p14]Proposal : Allow gNB to initiate transmission of SS burst from any candidate SSB position within the DMTC window.
1.9. Contention Window Size for signals/channels without A/N feedback
For DRS alone or DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR), when cat-4 LBT is used, we propose that the Cat-4 LBT is with lowest channel access priority class value. Furthermore, since there is no feedback associated with DRS transmission the contention window is always set to the minimum allowed contention window size. This is similar to the LTE-LAA behaviour.
For UE acquired COT comprising only of one or more of SRS, RACH related transmissions (PRACH, MSG3), and PUCCH the contention window is always set to the minimum allowed contention window size. Note that it is already agreed that the Cat-4 LBT is with lowest channel access priority class value for these cases. In case of PRACH, there have been some proposals to consider presence/absence of MSG2/MSG4 to update the contention window. However, we feel that is not necessary. The contention window update procedure aims to avoid collisions when multiple nodes try to access the medium immediately after the medium becomes free. For PRACH, UE does not try to retransmit PRACH immediately after medium becomes free. PRACH is transmitted only on configured PRACH occasions which are configured fairly sparsely and only after waiting for a period of time where MSG2 may be sent etc. 
[bookmark: new_a1]Proposal : Contention window is always set to the minimum allowed contention window size for the following:
· DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR), when cat-4 LBT is used for such transmission
· UE acquired COT comprising only of one or more of SRS, RACH related transmissions (PRACH, MSG3), and PUCCH

[bookmark: new_a2]Proposal : For DRS alone or DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR), when cat-4 LBT is used, the Cat-4 LBT is with lowest channel access priority class value with MCOT duration larger than the duration of DRS along with other non-unicast data (if multiplexed)

1.10. LBT procedure for operation over multiple LBT subbands 
In LTE-LAA, for multi-carrier operation on unlicensed spectrum two types of LBT procedures are supported. The first type uses independent cat-4 LBT per carrier and second type uses cat-4 LBT on one carrier (which is randomly selected or changed only once every second) and cat-2 LBT is used on the other carriers. Similar procedures were also defined for LTE-eLAA for multi-carrier operation at the UE. UE could perform cat-4 LBT on a randomly selected carrier from the allocated carriers or gNB could signal independent LBT types on each carrier. These procedures should be carried over to NR-U. 
[bookmark: new_a3]Proposal : The LTE-eLAA multi-carrier LBT procedures for obtaining a COT is the baseline for NR-U operation on multiple LBT subbands for both DL and UL
1.11.  Wideband LBT
For wideband LBT, the regulations require a node to perform energy measurement over a slot (e.g. 9us slots) in each LBT subband (e.g. BW of 20 MHz) and compare that to an ED threshold (e.g -72dBm) to determine if that subband is busy or idle for that slot. In some cases, it may be beneficial from UE implementation and power consumption perspectives to allow UE to perform a common energy measurement over multiple LBT subbands. In these cases, to keep the LBT procedure fair, the node should declare the slot as busy even if interference is observed only on one LBT subband at the ED threshold used for a single LBT subband. Hence the ED threshold used for the wideband LBT should be the same as the ED threshold for a single LBT subband. We do note that this does lead to degraded channel access when the node sees similar interference level on the different LBT subbands. However, that is a price it will need to pay in case it chooses to perform wideband LBT.
[bookmark: new_a4]Proposal : 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

Consideration on deployment scenarios on the NR unlicensed operation
In RAN1 #92, the following deployment scenarios have been agreed for NR unlicensed operation.
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Among the agreed deployment scenarios, the “NR cell with DL in unlicensed band and UL in licensed band” may require special consideration on the LBT procedure, as the UL is in the licensed band. A few options could be considered for LBT in this deployment scenario:
· Rely on transmitter based LBT scheme in DL
· gNB does energy sensing or message detection. If gNB measures energy below ED threshold and it does not detect any message on the on-going transmission, the gNB can transmit
· It is well known that the transmitter based LBT scheme is not friendly to deal with hidden node and exposed node problem. 
· Receiver assisted LBT scheme
· UE receiver sends signal (e.g., CTS) on licensed UL or unlicensed DL spectrum and other gNB listens to the signal on the licensed UL or unlicensed DL before its transmission. If gNB detects CTS signal from UE, it will refrain from transmission in DL.
· Alternatively, UE monitors DL transmission (e.g., preamble, RTS) from other DL nodes and reports the detection status to its serving gNB (if detected). Serving gNB can schedule UE accordingly.

[bookmark: p12]Proposal : Special design can be considered for NR cell with DL in unlicensed band and UL in licensed band
LBT for FBE operation
Frame based equipment channel access as defined in [5] has been considered during LTE-LAA study. However, as LTE-LAA is mainly targeting 5GHz band with the focus on coexistence with other RAT such as Wi-Fi, it has been concluded that the channel contention for FBE will be not aggressive as Wi-Fi neighbors and FBE devices can hardly occupy a fair share of the resources. As a result, the FBE based channel access mechanism was not adopted in LTE-LAA, and the design followed Load Based Equipment (LBE) based channel access mechanism defined in the same regulation [5].
For NR-U channel access, now we are targeting a generic design for all available unlicensed/shared bands, and we are targeting more use cases, such as Industrial IoT. For I-IoT use case, the operator (the factory) may have the capability to clear the environment to make sure there is no other RAT deployed in the same carrier, and typically there is only one operator. In this case, the FBE based channel access has benefits compared with LBE, such as lower channel access overhead and smaller delay, which are critical for industrial applications. 
For FBE, the channel access as defined in [5] is simpler. A fixed frame period of an FBE is as shown in Figure 5. An initiating device (gNB) will occupy the channel at the beginning of the fixed frame period after a one-shot LBT. Within each COT, the regulation allows multiple transmissions in different directions, subject to a one-shot LBT. There is no requirement of gap between transmission bursts. The transmission does not need to fill the entire allowed COT as well. UEs served by the gNB that wins the contention can transmit within the COT, where the winning gNB is the initiating device and the served UEs are responding devices in FBE. 
To deploy a single operator FBE systems, the gNBs need to be time aligned. All gNBs will perform the one-shot LBT at the same time. If there is no unexpected interferer (such as Wi-Fi node or other LBE devices), the one-shot LBT will pass, and the gNB can access the channel. 


[bookmark: _Ref521685511]Figure 5: Fixed Frame Period Structure for FBE by Regulation
The following were already agreed for FBE mode of operation:
· 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
For a UE to be able to transmit in a particular COT, it needs to know if the gNB acquired the medium for that fixed frame period (FFP). Thus, UE transmission has to be conditioned on detecting some signals from the gNB in that COT. One option could be for gNB to send some kind of COT indicator at the beginning of the COT. UE can then condition its transmission based on a COT indication detection. Alternately, detection of additional gNB signal (such as PDCCH) in the FFP may be considered as sufficient for UE to determine that UE is allowed to transmit in that FFP. It should be noted that UE cannot transmit unit it detects such signal. gNB scheduler needs to plan UL allocations to account for such processing requirements and not schedule UL for UEs in the initial portion of the FFP.
[bookmark: p13]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
Conclusions
The proposals and observations made in this contribution are summarized below.
Proposal 1: NR-U supports multiple channel access mechanisms and the usage is configurable by operator to follow local regulations for the band NR-U is deployed in.
Proposal 2: For UL, the gNB may indicate to the UE, dynamically or semi-statically, the type of LBT to be used by the UE for a transmission or type of transmission.
Proposal 3: The cat-2 LBT measurement period is split into three slots of duration X, Y, Z for slot 1,2, and 3 respectively. 
· Separate energy measurements are done on the first slot and the third slot with each measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if both the measured energy metrics are lower than the ED threshold. 
· The duration of the slots X, Y and Z as function of the measurement period, MP, is given below:
· For 18<MP<=25: X=9us, Y= (MP-18) us, and Z= 9us
· For 13<MP<=18: X=(MP-9) us, Y=0us, Z=9us 
Proposal 4: In a gNB acquired COT, multiple switching points with gap between transmissions that exceed 25us is supported at least for the case where any switch in data transmission direction (PDSCH to PUSCH or PUSCH to PDSCH) uses cat-2 LBT
· In such cases, for switching to and from data/control transmission in one direction and control transmission in the other direction the following LBT scheme is used
· Immediate transmission if the switching gap is less than 16us
· Cat-2 LBT for switching gap greater than 16us 
Proposal 5: UE acquired COT can be shared with gNB at least for transmitting DL signals (PDSCH, PDCCH, reference signals) meant for the UE. The UE acquired COT can contain multiple switching points at least for UL transmissions (PUCCH/PUSCH including both configured grant and scheduled grant/SRS) from the same UE.
Proposal 6: 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/data 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 can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: Cat-2 LBT can be used 
· Restrictions/conditions on when Cat-2 LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, if the gap from UL transmission to DL transmission exceeds 25us: Cat-2 LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for DL transmission 
· For multiple switching points with gap between transmissions that exceed 25us, at least for the case where any switch in data transmission direction (PDSCH to PUSCH or PUSCH to PDSCH) uses Cat-2 LBT, for switching to and from data/control transmission in one direction and control transmission in the other direction
· Immediate transmission if the switching gap is less than 16us
· Cat-2 LBT for switching gap greater than 16us
Proposal 7: NR-U can consider introducing a limit on the duration of each transmission burst sent with cat-1 immediate transmission by a node that has not performed any LBT in the COT.
Proposal 8: Consider using metrics such as CQI feedback, or introducing new feedback such as SINR or interference level report in addition to HARQ-ACK feedback for CWS update.
Proposal 9: For TBs containing at least one valid CBG (i.e. CBG with no puncturing) define an ACK metric as number of ACKs for valid CBGs/ number of valid CBGs. For TBs not containing any valid CBGs, use ACK feedback for the last CBG as the ACK metric. Define Z, a metric that will be used for CWS update, as average of the ACK metrics of TBs in the reference slot(s).
Proposal 10: Reference slots comprises all slots in the first K slots of the COT whose ACK feedback is available when ACK feedback first becomes available for a full slot from any of the first K slots of the COT
· FFS Value of K
Proposal 11: CWS is maintained per LBT subband. For CWS update of an LBT subband, only CBGs that overlap with that LBT subband are considered
Proposal 12: The starting points for UL transmissions in NR-U should be specified consistent with ETSI specifications
Proposal 13: Allow gNB to initiate transmission of SS burst from any candidate SSB position within the DMTC window.
Proposal 14: Contention window is always set to the minimum allowed contention window size for the following:
· DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR), when cat-4 LBT is used for such transmission
· UE acquired COT comprising only of one or more of SRS, RACH related transmissions (PRACH, MSG3), and PUCCH
Proposal 15: For DRS alone or DRS multiplexed with non-unicast data (e.g. OSI, paging, RAR), when cat-4 LBT is used, the Cat-4 LBT is with lowest channel access priority class value with MCOT duration larger than the duration of DRS along with other non-unicast data (if multiplexed)
Proposal 16: The LTE-eLAA multi-carrier LBT procedures for obtaining a COT is the baseline for NR-U operation on multiple LBT subbands for both DL and UL
Proposal 17: 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
Proposal 18: Special design can be considered for NR cell with DL in unlicensed band and UL in licensed band
Proposal 19: 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
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