[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG-RAN WG1 Ad-hoc Meeting 1901	        		            R1-1901031
Taipei, Taiwan, January 21st – 25th, 2019
Agenda item:	7.2.2.2.1
Source: 	Samsung 
Title: 	Channel access procedures for NR-U
Document for:	Discussion and Decision
1 Introduction
In RAN1 meeting [1], the following agreements regarding channel access for NR-U were made: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






















This contribution discusses the design considerations for FR1 GHz NR-U channel access, including the contention window size adaptation rule for CAT-4 LBT of NR-U, LBT for wide-band operation design, LBT with handshake mechanism, LBT for FBE-based NR-U, and some remaining issues for LBT design from SI phase.
2 Contention Window Size Adaptation for NR-U
To guarantee fair coexistence with the incumbent Wi-Fi system in the 5 GHz unlicensed spectrum, LTE Rel-13 licensed-assisted access (LAA), Rel-14 enhanced LAA (eLAA), and Rel-15 further enhanced LAA (FeLAA) introduced energy detection (ED) based omni-directional LBT protocols (e.g., CAT-4 LBT and single-shot LBT), which are performed at the potential transmitter side for both downlink and uplink operations. Such LBT procedures are the baseline channel access framework for FR1 NR-U. 
In addition to the basic channel access procedure, a contention window size (CWS) adaptation mechanism has also been defined in LTE-LAA for alleviating transmission collisions. Specifically, the CWS for CAT-4 LBT increases to next available value if at least 80% of HARQ-ACK values corresponding to PDSCH transmission(s) in a reference subframe are determined as NACK, wherein the reference subframe is the starting subframe of the most recent transmission of the eNB, for which at least some HARQ-ACK feedback is expected to be available. 
NR-U DL CWS adaptation can also be based on HARQ-ACK feedbacks from the UE(s). However, different from LTE wherein the HARQ-ACK feedback timing is fixed by specification (e.g., 4 ms for LTE-LAA), NR supports a flexible timing relation from PDSCH transmission to its corresponding HARQ-ACK feedback, which ranges from 0 to 15 slots. NR also supports code-block group (CBG)-based HARQ-ACK feedback compared to only the transport block (TB)-based HARQ-ACK feedback for LTE-LAA. In addition, NR-U may also enhance HARQ-ACK feedbacks with cross-COT HARQ-ACK feedback and/or multiple opportunities for HARQ-ACK feedback [1]. As a result, the CWS adaptation rule for NR-U can be more flexible compared to that of LTE-LAA.  
By the timing that NR-U gNB starts to perform a CAT-4 LBT procedure, gNB needs to identify a set of HARQ-ACK values corresponding to a set of reference slot(s) from a reference DL transmission burst for the CWS adjust decision. Specifically, since first PDSCH transmission(s) within a transmission burst is more likely to be the victims of collisions, the reference slot(s) of a DL transmission burst can be chosen as the first slot of the DL transmission burst on the carrier of the gNB wherein PDSCH transmission(s) is scheduled. Furthermore, the time-domain duration of each NR-U PDSCH can be shorter than one slot (e.g., TDM’ed mini-slots for different UEs), in which case the CWS adaptation can be only based the HARQ-ACK values of the PDSCH(s) that starts from the beginning of the reference slot. The reference transmission burst can be defined for NR-U as the most recent transmission burst wherein at least some HARQ-ACK feedbacks for the reference slot (or the first PDSCH(s) of the reference slot) within this transmission burst are expected to be available by the time gNB performs CWS adaptation. 
An illustration of the timing relation is provided in Figure 1, wherein the gNB attempts a new LBT process and updates the CWS on slot n-3. A corresponding reference downlink transmission burst consists of slot n-5 and n-4, wherein three UEs are scheduled with the PDSCH to HARQ delay of K1 = 1, 5, 4 slots respectively. The reference slot in this example is slot n-5, and the HARQ-ACK value corresponding to the reference slot from UE1 can be expected in a HARQ-ACK slot n-4, while the HARQ-ACK values corresponding to UE2 and UE3 can be expected in a HARQ-ACK slot n. Then, gNB can update CWS for a DL burst starting from slot n-2 based on HARQ-ACK of UE1. 


Figure 1. An example of the reference slot.
Proposal 1: 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). 
In LTE-LAA, each eNB shall adjust the contention window based on a given reference subframe only once. For NR-U, due to its flexible and configurable timing from PDSCH transmission to corresponding HARQ-ACK feedback (i.e., K1), potential LBT failure for HARQ-ACK and potential HARQ-ACK enhancements [1], the limit on how gNB utilizes a given reference slot for CW adjustment can be relaxed from LTE-LAA. Specifically, it is possible for different transmission bursts to be corresponding to the same reference slot for CWS adaptation, and thus gNB may adjust the CWS based on a given reference slot more than once. An example is provided in Figure 2, wherein DL burst 0, 1, and 2 spans from slot n-5 to n-3, slot n to slot n+2, and slot n+4 to slot n+6 respectively, and K1 represents the PDSCH to HARQ delay in terms of number of NR-U slots. The CW adjust for DL burst 1 can be based on HARQ-ACK feedback of PDSCH transmission(s) to UE0 on DL burst 0; and the CW adjust for DL burst 2 can be based on HARQ-ACK feedback of PDSCH transmission(s) to UE1 on DL burst 0 (HARQ-ACK feedbacks for DL burst 1 is not expected to be received by slot n+3). As a result, gNB adjusts the contention window based on the reference slot of DL burst 0 twice. 


Figure 2. An example of the reference slot and reference transmission burst.
Proposal 2: NR-U gNB can adjust CWS only based on a reference slot more than once. 
In the set of UL resources that are expected to contain the HARQ-ACK feedback(s) corresponding to the reference slot for CW adjustment, additional HARQ-ACK feedbacks in addition to those corresponding to the reference slot can be included due to flexible PDSCH to HARQ delay. For example, in Figure 2, UE0 is expected to report HARQ-ACK feedbacks at slot n-2, which corresponds to the PDSCH transmissions from slot n-5 to n-3. Under such a scenario, only the HARQ-ACK feedback(s) corresponding to the reference slot received by the timing that gNB performs CW adjustment can be utilized for CW adjustment. In the example of Figure 2, only the HARQ-ACK feedback(s) corresponding to PDSCH transmission to UE0 on slot n-5 will be utilized for CW adjustment decision on slot n-1.
Proposal 3: NR-U gNB can adjust CWS only based on the HARQ-ACK feedbacks corresponding to the reference slot. 
In addition to defining the reference slot, the CWS adaptation rule for NR-U also needs to be enhanced from LTE-LAA, given that CBG-based HARQ-ACK feedback is supported in addition to TB-based feedback. Specifically, the gNB can increase CWS to next available value if at least 80% of HARQ-ACK values corresponding to the TBs transmitted in the reference slot are determined as NACK. In particular, when CBG-based HARQ-ACK feedbacks are used for a TB, this TB is determined as NACK if the HARQ-ACK value for the first transmitted (or re-transmitted) CBG within this TB is NACK, considering that the first transmitted CBG is more likely to be subject to collision than remaining CBGs of a TB. Alternatively, the TB is determined as NACK if the HARQ-ACK value for all transmitted (or re-transmitted) CBGs within this TB is NACK. In addition, by the timing that gNB performs the CWS adaptation, the ACK/NACK corresponding to the reference slot that is missing (e.g., due to failed LBT) or has not become available yet (e.g., due to large K1) can be treated as DTX and not counted towards the current CWS adaptation decision. 
Proposal 4: 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 transmitted (or re-transmitted) CBG is NACK.
Proposal 5: 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.
NR-U UL CWS adaptation can also be based on HARQ-ACK feedbacks from gNB, e.g., by DFI-like DCI, or by NDI in UL grant. In LTE-LAA, the minimum latency between the slot in which UE receives UL grant or DFI and the reference slot is defined as 4ms. Similarly, a minimum latency should be defined for NR-U. In NR phase-1, several minimum latencies are specified, such as the latency between PDSCH and its HARQ-ACK, or the latency between UL grant and PUSCH, but there is no latency defined between PUSCH and its HARQ-ACK. A proper value of such latency should be further studied in NR-U.
Proposal 6: The minimum latency between the slot in which UE receives UL grant or DFI and the reference slot should be defined. 
3 LBT for Wideband Operation of NR-U
Compared to LTE-LAA where the channel bandwidth per carrier is 20 MHz, FR1 NR-U supports wideband operation with up to 100 MHz channel bandwidth per carrier. In addition, in order to support UEs with different capabilities, NR has introduced the support for bandwidth part (BWP), such that the network can configure up to four DL/UL BWPs for a UE. LBT designs to support such wideband operations shall be considered for FR1 NR-U. 
To transmit over a wideband carrier with BWP-based operation, four options have been identified in [1] for both DL operation and UL operation. As discussed in our companion discussion [3], option 3 is the preferred option for DL operation, which implies that a sub-band LBT operation will be performed over the active BWP. Specifically, for the sub-band LBT, multiple parallel LBT operations can be performed with a frequency granularity of a sub-band with fixed bandwidth, which can be 20 MHz for FR1 NR-U. 
Despite better spectrum utilization can be achieved with sub-band LBT, it also needs several potential enhancements from existing Rel-15 NR. For example, to achieve efficient DCI transmission under the sub-band LBT, gNB can configure CORESET on a per sub-band basis, such that gNB can transmit DCI on the sub-band(s) that have passed the LBT [3]. In addition, the CB allocation for a TB with sub-band LBT may need to be enhanced from Rel-15 NR. Furthermore, for sub-band LBT, the CBG-based HARQ-ACK feedback can be prioritized over TB-based HARQ-ACK feedback, when the LBT sub-band bandwidth is less than the scheduled bandwidth of the UE. This is because when one or more sub-bands within the scheduled bandwidth of a UE fails LBT, the TB with failed sub-band(s) will be NACK’ed and retransmitted with TB-based HARQ-ACK, which offsets the benefits of sub-band LBT. 
Proposal 7: CORESET configuration and CB allocation can be enhanced to support sub-band LBT for NR-U.
Given the enhancements to support sub-band LBT, the multi-carrier LBT procedures of LTE-LAA can be used as the baseline to perform LBT over multiple sub-bands in parallel [2], and the frequency unit(s) that succeed in LBT can be utilized by gNB for transmission. Specifically, either type-A or type-B multi-carrier LBT procedure of LTE-LAA can be used for sub-band LBT of NR-U, wherein the type A multi-carrier LBT is where CAT-4 LBT is performed on every sub-band independently with potential self-deferral to align transmissions over the sub-bands; and type B multi-carrier LBT is where CAT-4 LBT is performed on a reference sub-band, and single-shot LBT is performed on the other sub-bands right before the Cat-4 LBT on the reference sub-band completes. 
Proposal 8: Both type-A and type-B multi-carrier LBT of LTE-LAA can be the baseline procedure for sub-band LBT of NR-U.
4 LBT with Handshake Mechanism for NR-U
In general, a potential transmission in the unlicensed band can be granted channel access if the following two conditions are met: (1) the receiver(s) of the potential transmission is ready to receive; and (2) the potential transmission will not cause strong interference to the receivers of ongoing transmissions. Condition (1) ensures that the potential transmission can have enough SINR and can avoid the hidden node issue, while condition (2) ensures that the potential transmission can provide fair coexistence with ongoing unlicensed transmissions. LBT schemes that are performed at the potential transmitter side can only approximately satisfy both conditions. 
A general approach for NR-U transmissions to satisfy both condition (1) and condition (2) is through supporting a configurable handshake mechanism between gNB and UE, on top of the LBT schemes discussed in Section 2 for data transmissions. It has been discussed in [1] that handshaking between transmitter and receiver is a possible means to reduce the impact of hidden nodes for NR-U, and that detailed solutions for the handshaking can be considered. 
The handshake between NR-U gNB and UE can be including an exchange of a channel access request (CARQ) and a channel access response (CARP). Specifically, CARQ and CARP can be message-based, wherein the CARQ can be transmitted by the potential transmitter upon successful LBT for data transmission; and the CARP can be transmitted by the receiver upon receiving CARQ and after successful LBT (e.g., single-shot LBT). The CARQ (CARP) message can include the following information: the indicator for CARQ (CARP), the transmitter (receiver) identity, transmitter (receiver) beam direction information, the maximum channel occupancy time (MCOT), etc. Figure 3 illustrates an example of the LBT with handshake mechanism for NR-U downlink transmission. 


Figure 3. Example of LBT with CARQ/CARP exchange for NR-U downlink transmission.
For a potential NR-U transmitter and receiver pair with the handshake mechanism, the transmission can be granted if (1) the LBT for data transmission at the transmitter side is successful; (2) the CARQ/CARP message exchange between the transmitter and receiver is successful; and optionally that (3) through monitoring the CARQ/CARP messages from other NR-U transmitter/receiver pairs, the potential NR-U transmitter can determine that its transmission will not cause strong interference to existing transmissions. Figure 4 illustrates an example where gNB1 is transmitting to UE1; and gNB2 intends to transmit to UE2. Despite gNB2 can succeed in the directional LBT scheme, gNB2 can decide to not transmit to UE2, since UE2 will fail to respond the CARP addressed to gNB2 and/or gNB2 can receive the CARP message from UE1 that is addressed to gNB1. Therefore, the handshake mechanism can be combined with the LBT scheme for NR-U to achieve fair and efficient channel access with the coexisting radio access technologies (RATs), which can be beneficial for both omni-directional and directional LBT schemes.


Figure 4. Example of addressing hidden node issue with handshake mechanism.
Proposal 9: 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.
5 Channel Access for FBE-based NR-U 
Besides the load-based equipment (LBE) operation mode, NR-U can also support the FBE operation mode as discussed in [1]. The FBE operations as in the ETSI BRAN specifications can be the baseline for channel access of FBE-based NR-U, wherein the gNB performs a single-shot LBT immediately before starting transmission on the operating channel at the start of a fixed frame period.  
For the baseline FBE channel access scheme, when one or multiple synchronized FBE-based NR-U operators coexist in the operating channel, the channel access can always be successful since the gNBs perform LBT at the same time. As a result, despite the spec impacts for synchronized FBE NR-U are minimal, strong interference may exist between neighboring gNBs during the COT. For asynchronous FBE NR-U, LBT performed by a gNB may always be blocked by the transmission from a nearby asynchronous gNB. The above scenarios can be alleviated by supporting directional LBT and directional transmissions by the gNB. For example, LBT by a gNB is less likely to be blocked by neighboring asynchronous gNB when their beam directions are not aligned. As a result, spatial reuse can be improved when directional LBT is supported for FBE-based NR-U.  
Proposal 10: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
6 Other remaining LBT design aspects for NR-U
In addition to the channel access designs discussed in the sections above, some other remaining design aspects for NR-U channel access from the SI phase need to be further studied. 
One NR-U LBT design consideration is the LBT for downlink control messages (e.g., related to initial/random access, mobility, paging, PDCCH-only, etc.) when transmitted alone or multiplexed with DRS [1]. For standalone transmissions of such downlink control messages, a CAT-4 LBT with lowest channel access priority class value can be utilized to grant their transmissions. When the downlink control messages are multiplexed with DRS, and if the DRS duty cycle <= 1/20 with the total duration of the downlink control message and multiplexed DRS is up to 1ms, CAT-2 LBT can be used.
Proposal 11: CAT-4 LBT with lowest channel access priority class value can be utilized for standalone transmissions of downlink control messages, and CAT-2 LBT can be used for downlink control messages multiplexed with DRS if the DRS duty cycle <= 1/20 and total duration is up to 1ms.
Another NR-U LBT design consideration is on the LBT option for the DL burst that follows an UL burst within a gNB-initiated COT, and the gap from the end of UL burst to the beginning of the DL burst is larger than 25us. In such a scenario, a CAT-2 LBT can be performed by the gNB to grant the transmission of the DL burst, as long as the DL burst is contained within the gNB-initiated COT.
Proposal 12: CAT-2 LBT can be used for a DL burst, which follows an UL burst within a gNB-initiated COT and the gap from the end of UL burst to the beginning of the DL burst is larger than 25us.
Another NR-U LBT design consideration is the number of LBT attempts allowed to grant the transmission of an UL burst within a gNB-initiated COT [1].  Specifically, the UL burst transmission can start after a CAT-2 LBT is successful at the UE, otherwise the UE can perform a new CAT-2 LBT attempt. In order to increase the opportunity to transmit the UL burst, such CAT-2 LBT attempt can always be allowed on a per NR-U OFDM symbol basis, as long as the UL transmission can start within the COT and the total number of one-shot LBT attempts does not exceed a pre-configured number M >= 1. In this case, the maximum number of such CAT-2 LBT attempts can be determined as min(ceil(T/τ), M), wherein T can be the duration of the UL burst, and τ refers to the NR-U OFDM symbol duration.
Proposal 13: It is identified beneficial to allow CAT-2 LBT for an UL burst within gNB-initiated COT on a per NR-U OFDM symbol basis, as long as UL burst can start within the COT and the total number of LBT attempts does not exceed a pre-configured number.
Another NR-U LBT design consideration is on the applicability of CAT-2 LBT for a standalone transmission of the UL control information [1]. Specifically, for PUCCH transmission, the LBT type can depend on the PUCCH format and its corresponding duration, wherein the CAT-2 LBT can be allowed for short PUCCH format with a duration of 1-2 OFDM symbols (e.g., PUCCH format 2); while CAT-4 LBT with lowest channel access priority class value can be used for long PUCCH format (e.g., PUCCH format 3). 
Proposal 14: CAT-2 LBT can be used for standalone PUCCH transmissions with short PUCCH format.
Another NR-U LBT design consideration is the applicability of CAT-2 LBT for random access [1]. Since NR-U mainly targets the small-cell scenarios, NR-U can only focus on supporting the PRACH preamble formats of short sequence length (e.g., 2/4/6/12 OFDM symbols) [4]. Because of the short transmission duration of PRACH and infrequent PRACH transmission, CAT-2 LBT is suffice to grant PRACH transmission. By contrast, the MCOT for CAT-4 LBT with priority class 1 is 2ms, which is much longer than the required PRACH duration. Furthermore, compared to NR licensed wherein the time-domain RACH occasions (ROs) are consecutively allocated within RACH slot(s), the effects of time-domain overhead for performing LBT needs to be incorporated in assigning the ROs for NR-U. Since CAT-2 LBT requires much less time-domain overhead compared to CAT-4 LBT, and the duration of single-shot LBT is deterministic as opposed to CAT-4 LBT, CAT-2 LBT can be supported for a more efficient PRACH configuration design and faster PRACH transmission for NR-U.
Proposal 15: CAT-2 LBT can be used as the LBT option for NR-U PRACH.
Besides Msg1, the remaining procedures of the 4-step RA also need enhancements to increase the transmit opportunities and/or reduce potential RA delay due to the LBT requirement. For RAR (Msg2), the LBT can be CAT-4 based LBT, potentially with higher LBT priority class for a faster RAR transmission. Msg3 can share the MCOT of the RAR when gNB schedules the Msg3 to be within the MCOT of RAR through UL grant, such that Msg3 can be transmitted subject to a CAT-2 LBT. In addition, UE can monitor for an extended RAR window compared to Rel-15 NR as the CAT-4 LBT duration is non-deterministic, such that UE can have a more relaxed timing to detect the RAR. The proposed LBT options for RAR and Msg3 is illustrated in Figure 5. When Msg3 is scheduled to be outside the MCOT of RAR, a CAT-4 LBT, potentially with the lowest channel access priority class value, can be used for Msg3 transmission.


Figure 5. LBT options and timing relation for Msg2 and Msg3.
For Msg4, the CAT-4 LBT can be used similar to Msg2, potentially with higher LBT priority class. In this case, the UE can share the MCOT with Msg4 and respond the HARQ-ACK subject to CAT-2 LBT.
Proposal 16: Msg2 and Msg4 of NR-U random access can use CAT-4 LBT, and Msg3 can share MCOT of Msg2 subject to single-shot LBT.
Another NR-U LBT design consideration is LBT and transmission rule for Japan. For LAA operation in Japan, it was specified that if the eNB has transmitted a transmission after Cat 4 LBT, the eNB may transmit the next continuous transmission, for duration of maximum 4ms, immediately after sensing the channel to be idle for at least a 34us and if the total sensing and transmission time is not more than 8ms + 34us, which is specified in TS37.213. It was introduced because that the maximum channel occupancy of Japan is limited to 4ms. Therefore, it is desirable for NR-U to support such LBT and transmission rule for Japan at least for 5GHz unlicensed spectrum.  
Proposal 17: NR-U should support the same LBT and transmission rule defined for LTE-LAA operation in Japan, at least for 5GHz unlicensed spectrum.
7 Conclusions
This contribution considered the overall design considerations for channel access mechanisms in NR unlicensed spectrum and proposes the following.
Proposal 1: 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 2: NR-U gNB can adjust CWS only based on a reference slot more than once. 
Proposal 3: NR-U gNB can adjust CWS only based on the HARQ-ACK feedbacks corresponding to the reference slot. 
Proposal 4: 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 transmitted (or re-transmitted) CBG is NACK.
Proposal 5: 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 6: The minimum latency between the slot in which UE receives UL grant or DFI and the reference slot should be defined. 
Proposal 7: CORESET configuration and CB allocation can be enhanced to support sub-band LBT for NR-U.
Proposal 8: Both type-A and type-B multi-carrier LBT of LTE-LAA can be the baseline procedure for sub-band LBT of NR-U.
Proposal 9: 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.
Proposal 10: Support directional LBT for FBE-based NR-U, which is beneficial in improving spatial reuse.
Proposal 11: CAT-4 LBT with lowest channel access priority class value can be utilized for standalone transmissions of downlink control messages, and CAT-2 LBT can be used for downlink control messages multiplexed with DRS if the DRS duty cycle <= 1/20 and total duration is up to 1ms.
Proposal 12: CAT-2 LBT can be used for a DL burst, which follows an UL burst within a gNB-initiated COT and the gap from the end of UL burst to the beginning of the DL burst is larger than 25us.
Proposal 13: It is identified beneficial to allow CAT-2 LBT for an UL burst within gNB-initiated COT on a per NR-U OFDM symbol basis, 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 14: CAT-2 LBT can be used for standalone PUCCH transmissions with short PUCCH format.
Proposal 15: CAT-2 LBT can be used as the LBT option for NR-U PRACH.
Proposal 16: Msg2 and Msg4 of NR-U random access can use CAT-4 LBT, and Msg3 can share MCOT of Msg2 subject to single-shot LBT.
[bookmark: _GoBack]Proposal 17: NR-U should support the same LBT and transmission rule defined for LTE-LAA operation in Japan, at least for 5GHz unlicensed spectrum.
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