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1. Introduction

In RAN1#AH1901 and RAN1#96 meeting [1] [2], we made following agreements related to physical layer procedures for NR unlicensed (NR-U) operation.

	Agreement: 

· A gap (DL(UL, UL(UL, 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

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


In this contribution, we discuss further details on the channel access procedure for NR-U operation.
2. Channel access procedure in NR-U
In this section, we discuss potential areas to study for designing channel access procedure especially for NR-U, assuming channel access procedure in LAA is baseline for NR-U.

2.1. CWS management

In LTE LAA, eNB/UE’s LBT operation follows a back-off algorithm based on CWS (contention window size) management. Assuming channel access in NR-U relies on the same mechanism, CWS management in NR-U should further consider the following aspects which were newly introduced in NR standards.
Consideration of DRS and PRACH/PUCCH
Since the standalone mode is supported in NR-U, it is necessary to consider LBT schemes and CWS management for DRS and PRACH/PUCCH that were not considered in LAA. Basically, a common CWS adjustment rule between these DL (or UL) channels and signals and PDSCH (PUSCH) can be applied, similar to CWS adjustment for SRS in eLAA. Alternatively, CWS management rules can be defined based on the response of these channels.
When the DRS duty cycle is > 1/20 or the total duration is > 1ms, the channel access priority class can be determined according to the DRS burst duration and/or the duration of multiplexed non-unicast data. For example, if the DRS burst duration is 2 ms, the gNB can use the highest channel access priority to perform Cat-4 LBT. The CWS can be adjusted according to the responses for the multiplexed non-unicast data. For RAR-only or RAR multiplexed with DRS, CWS can be adjusted depending on the reception of msg3 corresponding to RAR. 

For PRACH, initial CWS value or a group of CWS values can be configured by SIB1 and CWS can be adjusted depending on the detection of PDCCH masked with RA-RNTI or the reception of RAR PDSCH which includes a RAPID corresponding to PRACH transmitted by the UE.
For PUCCH, if the PUCCH is not received at gNB side, the gNB may not differentiate the following three cases: 1) the UE has failed to receive DCI triggering PUCCH transmission, 2) the LBT for PUCCH has been failed at UE side, or 3) the PUCCH transmitted by the UE has collided with another transmission from another nodes. Therefore, depending on the situation, miss detection of PUCCH (or UCI) can result in CWS adjustment both for DL and UL. Moreover, it is necessary to consider whether carrier#1 for PUCCH (or UCI) triggering and carrier#2 for PUCCH (or UCI) transmission are the same or different. If the gNB successfully received the PUCCH, gNB may schedule a new data by the next DL assignment. Hence, the CWS of UE can be adjusted depending on the NDI toggling within the DL assignment corresponding to a particular reference slot or slot group.
Proposal #1: The CWS for DRS, PRACH, and PUCCH can be determined and adjusted as following.
· For DRS only or DRS multiplexed with non-unicast data (when duty cycle is > 1/20 or the total duration is > 1ms) : 

· The channel access priority class can be determined according to the DRS burst duration and/or the duration of multiplexed non-unicast data.
· For DRS multiplexed with RAR, the CWS can be adjusted depending on the reception of msg3 corresponding to RAR.

· For PRACH:

· The initial CWS value or a group of CWS values can be configured by SIB1.

· The CWS can be adjusted depending on the detection of PDCCH masked with RA-RNTI or the reception of RAR PDSCH which includes a RAPID corresponding to PRACH transmitted by the UE.
· For PUCCH:

· The CWS of UE can be adjusted depending on the NDI toggling within the DL assignment corresponding to a particular reference slot or slot group.
· FFS for the case where carrier#1 for PUCCH (or UCI) triggering and carrier#2 for PUCCH (or UCI) transmission are different.
Consideration of CBG operation

In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s). In NR, separate HARQ operation is possible for different CBGs (code block groups) even for a same TB. Similar to LAA, CWS management can be based on the ratio of TB level ACK/NACKs obtained by bundling the HARQ-ACK for all CBGs. Considering the background in LAA that the reference subframe was defined as the first subframe of the latest burst was that CWS needs to be increased only if two different nodes transmit data at the same time. Besides, it is necessary to consider the case where the units of HARQ-ACK (i.e., TB-level HARQ-ACK or CBG-level HARQ-ACK) for CWS management are differently configured for different UEs and multiple mini-slots are scheduled to UEs and those UEs are scheduled within a reference DL resource. 

Figure. 1 shows an example where UE1 not configured with CBG (re)transmission and UE2 configured with CBG (re)transmission are scheduled and UE3 is scheduled with multiple mini-slots in a reference DL resource at the same time. In this case, we need to discuss how to adjust CWS by using TB-level HARQ-ACK and CBG-level HARQ-ACK. The following two approaches can be applied for CBG based CWS management.
Approach 1: The HARQ-ACKs for the N1 CBG(s) and N2 TB(s) which are scheduled to the most advanced time domain resource in a DL burst can be used to adjust the CWS in NR-U. Similar to DL case, NDI and/or CBGTI value(s) corresponding to M1 CBG(s) and M2 TB(s) which are scheduled to the most advanced time domain resource for PUSCH in a UL burst can be used to adjust UL CWS in NR-U. The values of N2 and M2 can be 1 for slot based TB (or mapping type A) and can be greater than 1 for non-slot based TB (or mapping type B).
Approach 2: The HARQ-ACKs for the CBG(s) and TB(s) which are fully included and/or partially overlapped with a period of T can be used to adjust the CWS. T value having a certain length (e.g., three symbols) at the beginning of COT of the latest burst can be configured/indicated by the gNB. In Figure. 1, HARQ-ACKs for the CBG(s) and TB(s) which fully included and partially overlapped with a period of T (the shaded blocks) can be used to adjust DL CWS in NR-U.
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Figure 1. Example of TB-based PDSCH, CBG-based PDSCH and mini-slot PDSCH mixed case in reference resource.

These two approaches can be used to identify the HARQ-ACKs to be referred to in the DL CWS adjustment procedures. The identified HARQ-ACKs may need to be processed for determining Z, e.g., CBG-level HARQ-ACK can be bundled to be converted into TB-level or HARQ-ACKs for multiple mini-slots can be bundled for each UE. If we adopt same procedure in LAA, gNB increases CWS for every priority class to the next higher allowed value in case at least 
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 of HARQ-ACK values corresponding to PDSCH transmission(s) in reference resource are determined as NACK.
Proposal #2: For CWS adjustment considering CBG-based (re)transmission,
· Approach 1: For DL, HARQ-ACKs for the N1 CBG(s) and N2 TB(s) which are scheduled to the most advanced time domain resource in a DL burst can be used to adjust the CWS. For UL, NDI and/or CBGTI value(s) corresponding to M1 CBG(s) and M2 TB(s) which are scheduled to the most advanced time domain resource for PUSCH in a UL burst can be used to adjust UL CWS.

· Approach 2: The HARQ-ACKs for the CBG(s) and TB(s) which are fully included and/or partially overlapped with a period of T can be used to adjust the CWS. T value having a certain length (e.g., three symbols) at the beginning of COT of the latest burst can be configured/indicated by the gNB.
Consideration of flexible DL/UL scheduling/HARQ timing
In LAA, CWS update for DL/UL is based on the decoding results of TB(s) in reference subframe(s) and the minimum (/maximum) timing gap between a reference subframe and the corresponding CWS update timing is defined. Specifically for UL CWS update, if a UE receives UL grant at subframe n, the reference subframe for UL CWS update is the first subframe within the latest UL burst starting before subframe n-3. This is because it was assumed that that the minimum HARQ RTT is equal to 8 msec and HARQ delay at UE side is the same with HARQ delay (i.e., 4 msec) at eNB side. 

In NR, gNB scheduler can configure timing relationship between UL grant and corresponding PUSCH transmission (also between PDSCH and UL HARQ feedback) even shorter than 4 msec. Therefore, the minimum timing gap between the reference UL slot and UL grant can be set to be shorter than 4 msec and the minimum timing gap can be configured by gNB (e.g., via separately signalled value or minimum among configured K1/K2 values). In other words, if a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable. The UE can assume that the value X is based on the processing capability (e.g., K1 or K2 value) or a default value (e.g., 3 slots) when X hasn’t be configured yet.
Proposal #3: If a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable.
Consideration of BWP operation
In NR, wider bandwidth operation (up to 100MHz per NR carrier) is supported and a DL/UL BWP having a bandwidth of more than 20 MHz can be configured. In RAN1#92bis meeting, it was agreed that if absence of Wi-Fi cannot be guaranteed (e.g., by regulation) in the band (sub 7GHz), the NR-U operating bandwidth is an integer multiple of 20MHz and LBT can be performed in units of 20MHz (denoted as LBT BW). When PDSCH/PUSCH scheduled with bandwidth greater than 20MHz overlaps with multiple LBT BWs, how to use ACK/NACK of corresponding PDSCH/PUSCH for CWS management should be considered. For example, Figure 2 shows that PDSCH is scheduled with bandwidth greater than 20MHz and overlapping with both LBT BW1 and LBT BW2 of gNB. In this case, the HARQ-ACK for PDSCH may be used for CWS management of all overlapping LBT BW (i.e., LBT BW1 and LBT BW2). Alternatively, it may be used only for a specific LBT BW based on the ratio of scheduled DL/UL resources.
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Figure 2. Example of PDSCH scheduled with bandwidth greater than 20MHz overlaps with multiple LBT BW
In NR, a UE may be configured with multiple DL/UL BWPs for a carrier. Then, gNB can dynamically switch the UE’s operating BWP by DCI. It should be considered that how to set and adjust the CWS after operating BWP change. The UE can keep the CWS value used in previous BWP after the BWP switching or UE can use new CWS value indicated in DCI. Meanwhile, when a UE continuously fails LBT in certain number/period of time in new BWP, the UE can switch operating BWP to the previous BWP or initial/default BWP and inform it to gNB e.g., by transmitting a SR or PUCCH. In addition, the UE can transmit the confirmation message to gNB when UE is indicated to switch operating BWP.
Proposal #4: For CWS adjustment with wideband (>20 MHz) operation including BWPs, consider at least following cases.

· Case 1: Scheduled resource for PDSCH/PUSCH in frequency domain is overlapped with multiple units of 20MHz.

· Case 2: CWS management when active BWP is changed.
2.2. Multiple switching points within COT
No-LBT option

In RAN1#93 meeting, it was agreed that no-LBT option can be applied for NR-U if the gap between transmissions is less than or equal to 16 usec. No-LBT option can be beneficial for efficient COT sharing, fast HARQ feedback, and RACH procedure (e.g., fast msg3 transmission). Whether no-LBT option is applied or not can be configured by higher layer signalling or indicated with scheduling information. In addition, similar to eLAA where PUSCH starting position (e.g., symbol 0 + 25 usec or symbol 0 + 25 usec + TA) is indicated by reflecting 25 usec LBT operation, NR-U can also indicate UL channel/signal starting position considering 16 usec gap from symbol boundary.
Proposal #5: If no-LBT option is supported, it is necessary to support the mechanism for configuring/indicating no-LBT option for UL transmission and the gap less than or equal to 16 usec.
PUSCH starting positions considering different subcarrier spacings for PUSCH
In RAN1#AH1901 meeting, it was discussed that a gap of specific duration is created using one or more of TA, CP extension, and puncturing or rate matching and how to signal the way of creating the gap to the UEs. If no-LBT (Cat-1 LBT) is adopted, the gap of 16us (and the gap with a function of 16us and TA, e.g., 16us + TA or maximum value between 16us and TA) should be considered in addition to PUSCH starting position in eLAA. Also, since in NR, the starting symbol and duration of the PUSCH can be flexibly indicated in the slot by SLIV (starting symbol and length indicator value) field in UL grant and multiple subcarrier spacings are supported, we may need to discuss how to determine PUSCH starting point based on SLIV, subcarrier spacings, and indicated gap. 
The candidates of PUSCH starting position considering gaps from the reference symbol and subcarrier spacings are depicted in Figure 3 and Figure 4. In figures, the value of N can be scalable value according to numerology of PUSCH or indicated by gNB. For example, the value of N can be N=1 for 15 kHz and 30 kHz subcarrier spacing and N=2 for 60 kHz subcarrier spacing. 
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Figure 3. Candidates of PUSCH starting position when reference symbol is Symbol#K where Symbol#K is indicated as the starting symbol in SLIV

In case that the starting symbol indicated by SLIV and the reference symbol are same as Symbol#K (Figure 3), the TBS of PUSCH may be determined based on Symbol#(K+N) as the starting symbol index. For example, if the starting symbol indicated by SLIV is Symbol#3 in 15 kHz subcarrier spacing (N=1) and the PUSCH starting position is indicated as (Symbol#3+25us), it means that the reference symbol is Symbol#3 and TBS is determined based on Symbol#4 as the starting symbol index. 
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Figure 4. Candidates of PUSCH starting position when reference symbol is Symbol#(K-N) where Symbol#K is indicated as the starting symbol in SLIV

Alternatively, if the reference symbol in PUSCH starting position is given by starting symbol indicated by SLIV - N (Figure 4), the TBS of PUSCH may be determined based on Symbol#K (i.e., the same way as Rel-15 NR). For instance, if the starting symbol indicated by SLIV is Symbol#3 in 30kHz (N=1) and the PUSCH starting position is indicated as (Symbol#2+16us+TA), it means that the reference symbol is Symbol#2 and TBS is determined based on Symbol#3 as the starting symbol index.
Proposal #6: The indicated gap for PUSCH starting points starts from

· Alt. 1: The starting symbol signalled by SLIV filed in UL grant

· Alt. 2: The reference symbol which is given by the starting symbol index signalled by SLIV – N

· FFS for the value of N, including the possibility of different N values depending on different PUSCH subcarrier spacings

· FFS on TBS determination

Multiple DL and UL scheduled within the COT
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Figure 5. Example of multiple DL and UL with Cat-1 or Cat-2 within gNB-initiated COT
In RAN1#95 meeting, it was agreed that within a gNB-initiated COT, multiple DL and UL transmissions can be occurred with Cat-1 LBT when the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 us and Cat-2 LBT when the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 us. The example of multiple DL and UL transmission within gNB-initiated COT is depicted in Figure 5.
It is noted that the gNB-initiated COT may not be maintained if the UE does not transmit UL#1 due to UL grant missing or Cat-2 LBT failure. In this case, some mechanisms may be necessary in order to help gNB’s reliable detection of scheduled UL transmission. For instance, sufficient transmission bandwidth (or number of RBs) of UL transmission may be required to guarantee gNB’s reliable detection of the presence of UL transmission.
Proposal #7: In case of multiple DL/UL switching within gNB’s COT, discuss whether DL COT can be continued even if scheduled UL transmission is not detected by gNB.
UL-to-DL channel occupancy time sharing

In RAN1#95 meeting, it was agreed to support sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions. In this case, the gNB’s transmission may cause severe interferences to other nodes due to power imbalance between UE and gNB. For example, consider a case where a UE located near the centre of the gNB performs UL transmission with a small transmission power and shares the remaining COT with the gNB. If the DL transmission power of gNB is relatively higher than that of the UE, it may cause a large interference to neighbouring nodes. Therefore, we may need to discuss further how to handle power imbalance problem between UE and gNB in case of UL-to-DL COT sharing.

Proposal 8: It should be further discussed how to handle power imbalance between gNB and UE in case of UL-to-DL COT sharing.

2.3. Timing advance (TA) impact on PRACH transmission
In LTE, the uplink transmission of any physical channel (PUSCH, PUCCH, SRS, etc.) of the UE compensates both the transmission delay from the eNB to the UE and the transmission delay from the UE to the eNB by the TA control for advancing a transmission time point. On the other hands, the PRACH for checking the UL time synchronization is transmitted without TA control. Since PUSCH/PUCCH is adjusted by TA command, it occurs earlier than PRACH for the same UE. 
The PUSCH/PUCCH transmission of a UE may block PRACH transmission of the other intra-cell UE in the same slot, since the power of PUSCH/PUCCH transmission of the UE may be detected during the CCA measurement for PRACH transmission. Figure 6 illustrates an example of the blocking issue between two UEs where PRACH transmission from a UE is blocked by the PUSCH transmission from another UE. There are two options for solving this problem. One is to postpone/change the starting position of PUSCH/PUCCH transmission. Another option is to enlarge the duration of CCA slot or TA value for PRACH transmission
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Figure 6. Example of blocking issue between PRACH and PUSCH
Proposal #9: In order to handle PRACH block issue due to TA difference between FDMed PUSCH/PUCCH and PRACH, consider following options:
· Option 1: Adjusting the starting position of PUSCH/PUCCH transmission in RACH slot
· Option 2: Adjusting the duration of CCA slot or TA value for PRACH transmission
3. Conclusion
In this contribution, we provided further details of the study areas on channel access procedure for NR unlicensed operation, and proposals are as follows.
Proposal #1: The CWS for DRS, PRACH, and PUCCH can be determined and adjusted as following.

· For DRS only or DRS multiplexed with non-unicast data (when duty cycle is > 1/20 or the total duration is > 1ms) : 

· The channel access priority class can be determined according to the DRS burst duration and/or the duration of multiplexed non-unicast data.

· For DRS multiplexed with RAR, the CWS can be adjusted depending on the reception of msg3 corresponding to RAR.

· For PRACH:

· The initial CWS value or a group of CWS values can be configured by SIB1.

· The CWS can be adjusted depending on the detection of PDCCH masked with RA-RNTI or the reception of RAR PDSCH which includes a RAPID corresponding to PRACH transmitted by the UE.

· For PUCCH:

· The CWS of UE can be adjusted depending on the NDI toggling within the DL assignment corresponding to a particular reference slot or slot group.
· FFS for the case where carrier#1 for PUCCH (or UCI) triggering and carrier#2 for PUCCH (or UCI) transmission are different.
Proposal #2: For CWS adjustment considering CBG-based (re)transmission,

· Approach 1: For DL, HARQ-ACKs for the N1 CBG(s) and N2 TB(s) which are scheduled to the most advanced time domain resource in a DL burst can be used to adjust the CWS. For UL, NDI and/or CBGTI value(s) corresponding to M1 CBG(s) and M2 TB(s) which are scheduled to the most advanced time domain resource for PUSCH in a UL burst can be used to adjust UL CWS.

· Approach 2: The HARQ-ACKs for the CBG(s) and TB(s) which are fully included and/or partially overlapped with a period of T can be used to adjust the CWS. T value having a certain length (e.g., three symbols) at the beginning of COT of the latest burst can be configured/indicated by the gNB. 
Proposal #3: If a UE receives UL grant at slot n, the reference slot for UL CWS update is the first slot within the latest UL burst starting before slot n-X where X can be configurable.

Proposal #4: For CWS adjustment with wideband (>20 MHz) operation including BWPs, consider at least following cases.

· Case 1: Scheduled resource for PDSCH/PUSCH in frequency domain is overlapped with multiple units of 20MHz.

· Case 2: CWS management when active BWP is changed.
Proposal #5: If no-LBT option is supported, it is necessary to support the mechanism for configuring/indicating no-LBT option for UL transmission and the gap less than 16 usec.
Proposal #6: The indicated gap for PUSCH starting points starts from

· Alt. 1: The starting symbol signalled by SLIV filed in UL grant

· Alt. 2: The reference symbol which is given by the starting symbol index signalled by SLIV – N

· FFS for the value of N, including the possibility of different N values depending on different PUSCH subcarrier spacings

· FFS on TBS determination

Proposal #7: In case of multiple DL/UL switching within gNB’s COT, discuss whether DL COT can be continued even if scheduled UL transmission is not detected by gNB.

Proposal 8: It should be further discussed how to handle power imbalance between gNB and UE in case of UL-to-DL COT sharing.
Proposal #9: In order to handle PRACH block issue due to TA difference between FDMed PUSCH/PUCCH and PRACH, consider following options:

· Option 1: Adjusting the starting position of PUSCH/PUCCH transmission in RACH slot

· Option 2: Adjusting the duration of CCA slot or TA value for PRACH transmission
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