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1 Introduction
In this contribution, we discuss remaining issues on channel access procedure for NR-U such as 1) correction on DL channel access in a shared COT initiated by a UE, 2) CW adjustment for CBG-based transmission, and 3) channel access procedure after LBT failure on 16us Cat-2 LBT (i.e., Type 2B). We provide our views and some text proposals for current specification of TS37.213 v16.1.0 [1]. 
Discussion on Channel Access Procedure for NR-U
Issue 1: Correction on DL channel access in a shared COT initiated by a UE
At the RAN1#98bis meeting, the followings were agreed for DL channel access procedure in a shared COT initiated by a UE.
	Agreement at RAN1#98bis [3]:
Sharing of a UE-initiated channel occupancy (either CG-PUSCH or scheduled UL) with gNB is supported, such that the gNB is allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy.
· The ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured by gNB (RRC signaling)
· if ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions of up to 2/4/8 OFDM symbols in duration for 15/30/60 kHz SCS
· When absence of WiFi cannot be assumed based on e.g. regulation, the ED threshold that the gNB configures to the UE to apply when initiating the channel occupancy is determined based on the max gNB TX power
· Cat. 2 LBT can be used (for gaps of 16us and 25us). 
· Cat. 1 LBT can be used under the following conditions.
· Gap duration <= 16us
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission contains only control/broadcast signals/channels
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission has a duration below X ms (X >= 0).
· FFS: X
· FFS: For transmissions after the second and subsequent switches between UE and gNB


According to the agreement above, if DL signals/channels (PDSCH, PDCCH, reference signals) is included on a transmission from a gNB to the UE that initiated the channel occupancy, the gNB is allowed to transmit control/broadcast signals/channels for any UEs. In other words, the DL signals/channels do not confine to the unicast transmission with user plane only. Regardless of including the user plane data, if the unicast transmission such as PDCCH or reference signals for the UE that initiated the channel is contained on the transmission from the gNB, the gNB may transmit a DL transmission that follows a PUSCH transmission on scheduled or configured resources by the UE after a gap. Therefore, we propose to adopt the first correction as below.
Similarly, according to the agreement above, if ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions of up to 2/4/8 OFDM symbols in duration for 15/30/60 kHz SCS. The transmission of the gNB shall not include any unicast transmissions and the unicast transmission shall not be limited to inclusion of user plane data. The unicast transmission can include reference signals. As a result, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions. Therefore, we propose to adopt the second/third correction as below.
· Proposal 1: Adopt the following text proposal on TS 37.213.
	===========================Start of Text Proposal for TS37.213============================
[bookmark: _Toc35593594]4.1.3	DL channel access procedures in a shared channel occupancy
For the case where an eNB shares a channel occupancy initiated by a UE, the eNB may transmit a transmission that follows an autonomous PUSCH transmission by the UE as follows:
-	If 'COT sharing indication' in AUL-UCI in subframe  indicates '1', an eNB may transmit a transmission in subframe , where  is subframeOffsetCOT-Sharing, including PDCCH but not including PDSCH on the same channel immediately after performing Type 2A DL channel access procedures in clause 4.1.2.1, if the duration of the PDCCH is less than or equal to duration of two OFDM symbols and it shall contain at least AUL-DFI or UL grant to the UE from which the PUSCH transmission indicating COT sharing was received. 
[bookmark: _Hlk26442137]If a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in clause 4.2.1.1 on a channel, the gNB may transmit a transmission that follows a PUSCH transmission on scheduled or configured resources by the UE after a gap as follows:
-	The transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. 
-	If the higher layer parameters ul-toDL-CO-SharingED-Threshold-r16 is not provided, the transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively. 
-	If the gap is up to , the gNB can transmit the transmission on the channel after performing Type 2C DL channel access as described in clause 4.1.2.3.
-	If the gap is   or , the gNB can transmit the transmission on the channel after performing Type 2A or Type 2B DL channel access procedures as described in clause 4.1.2.1 and 4.1.2.2, respectively.
For the case where a gNB shares a channel occupancy initiated by a UE with configured grant PUSCH transmission, the gNB may transmit a transmission that follows the configured grant PUSCH transmission by the UE as follows: 
-	If the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16 is provided, the UE is configured by cg-COT-SharingList-r16 where cg-COT-SharingList-r16 provides a table configured by higher layer. Each row of the table provides a channel occupancy sharing information given by higher layer parameter CG-COT-Sharing-r16. One row of the table is configured for indicating that the channel occupancy sharing information is not available.
-	If the 'COT sharing information' in CG-UCI indicates a row index that corresponds to a CG-COT-Sharing-r16 that provides channel occupancy sharing information, the gNB can share the UE channel occupancy assuming a channel access priority class p= channelAccessPriority-r16, starting from O=offset-r16 slots from the end of the slot where CG-UCI is detected, for a duration of D=duration-r16 slots where duration-r16, offset-r16, and channelAccessPriority-r16 are higher layer parameters provided by CG-COT-Sharing-r16. 
-	If the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16 is not provided, and if 'COT sharing information' in CG-UCI indicates '1', the gNB can share the UE channel occupancy and start the DL transmission X= cg-COT-SharingOffset-r16 symbols from the end of the slot where CG-UCI is detected, where cg-COT-SharingOffset-r16 is provided by higher layer. The transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively.
<unchanged parts are omitted>
=========================== End of Text Proposal for TS37.213============================



Issue 2: CWS update mechanism in case that the UE transmits all CBG NACKs by TB CRC failure after the UE correctly detects all CBG retransmissions.
In case that CBG-based transmission is used for NR-U, it is necessary to further discuss how to handle CWS adjustment from the gNB perspective for the case of all CBG NACKs by TB CRC failure after successfully receiving all retransmitted CBGs at a UE. In other words, when the CBG based transmission is configured for the UE, if only a part of the total number of CBGs initially transmitted by the gNB is successfully received by the UE, the gNB performs CBG retransmission to the UE. After that, if the UE decodes the retransmitted CBGs correctly but does not correctly detect the TB for the corresponding CBGs, the UE generates all CBG NACKs and transmits them to the gNB, according to the UE behavior in NR Section 9.1.1 of TS38.213 [2] below. However, there is no clear mechanism how to update the CWS based on TB NACK with implicit CBG ACKs. 
· Proposal 2: It is necessary to further discuss how to handle CWS adjustment from the gNB perspective in case that the UE transmits all CBG NACKs by TB CRC failure after the UE correctly detects retransmitted CBGs.
	[bookmark: _Ref500167871][bookmark: _Toc12021468][bookmark: _Toc20311580][bookmark: _Toc26719405][bookmark: _Toc29894838][bookmark: _Toc29899137][bookmark: _Toc29899555][bookmark: _Toc29917292]9.1.1	CBG-based HARQ-ACK codebook determination
If a UE is provided PDSCH-CodeBlockGroupTransmission for a serving cell, the UE receives a PDSCH scheduled by DCI format 1_1, that includes code block groups (CBGs) of a transport block. The UE is also provided maxCodeBlockGroupsPerTransportBlock indicating a maximum number [image: ] of CBGs for generating respective HARQ-ACK information bits for a transport block reception for the serving cell. 
For a number of [image: ] code blocks (CBs) in a transport block, the UE determines a number of CBGs [image: ] according to Clause 5.1.7.1 of [6, TS 38.214] and determines a number of HARQ-ACK bits for the transport block as [image: ]. 
The UE generates an ACK for the HARQ-ACK information bit of a CBG if the UE correctly received all code blocks of the CBG and generates a NACK for the HARQ-ACK information bit of a CBG if the UE incorrectly received at least one code block of the CBG. If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for CBGs of the second transport block after the HARQ-ACK information bits for CBGs of the first transport block.
The HARQ-ACK codebook includes the [image: ] HARQ-ACK information bits and, if [image: ] for a transport block, the UE generates a NACK value for the last [image: ] HARQ-ACK information bits for the transport block in the HARQ-ACK codebook. 
If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block. 
If a UE correctly detects each of the [image: ] CBGs and does not correctly detect the transport block for the [image: ] CBGs, the UE generates a NACK value for each of the [image: ] CBGs. 


From the gNB’s perspective, the gNB may know whether or not the UE successfully received all of retransmitted a part of CBGs by comparing previous CBG HARQ feedbacks with current CBG HARQ feedbacks regardless of detecting the TB correctly. For an example, if the total # of CBGs per TB is 4 and the first two CBGs (i.e. CBG#0, CBG#1) are successfully received by the UE and the last two CBGs (i.e. CBG#2, CBG#3) are not detected correctly during the initial transmission, the UE generates {ACK, ACK, NACK, NACK} as CBG HARQ feedback and transmits them to the gNB. Then, the gNB performs CBG retransmissions (i.e. CBG#2, CBG#3) to the UE. If the UE decodes the retransmitted CBGs (i.e. CBG#2, CBG#3) correctly and does not correctly detect the TB for the corresponding CBGs, the UE generates all CBG NACKs (i.e. {NACK, NACK, NACK, NACK}) and transmits them to the gNB. For this case, the gNB can recognize that the UE successfully received all of retransmitted CBGs by comparing previous CBG HARQ feedbacks {ACK, ACK, NACK, NACK} with current CBG HARQ feedbacks {NACK, NACK, NACK, NACK}. For this case, in view of the DL channel access performed by the gNB transmitting the PDSCH including the CBG-based transmission, it may be desirable to reset CW as a minimum on CWS adjustment procedure for transmission by gNB because the DL channel access is successful. Therefore, we propose to reset CW as a minimum under CWS adjustment procedure if all CBG-NACK generated by being not correctly detecting TB is received at the gNB when a part of total CBGs is retransmitted by the gNB.
· Proposal 3: We propose to reset CW as a minimum under CWS adjustment procedure if all CBG-NACK generated by being not correctly detecting TB is received at the gNB when a part of total CBGs is retransmitted by the gNB.
Issue 3: channel access procedure after 16us Cat-2 LBT (Type 2B channel access) failure
As an issue on 16us Cat-2 LBT detailed design, it should be further discussed how to handle channel access after failure of 16us Cat-2 LBT by a UE for NR-U operation in the case of multi-slot scheduling without gap by a single grant or multiple grant, as shown in Figure 1. 
[image: ]
(a) Multiple slot scheduling by a single UL grant
[image: ]
(b) Multiple slot scheduling by multiple UL grants
Figure 1. 16us Cat-2 LBT and multi-slot scheduling without gap by a single grant or multiple grant
If 16us Cat-2 LBT (i.e., Type 2B channel access) is failed before the first slot of multi-slot allocated resources and any additional channel access mechanism for transmission in the next slot at the multi-slot allocated resource is not specified, the scheduled or configured resources can be wasted within a gNB’s initiated channel occupancy by not being provided with channel access opportunity. Therefore, it is necessary to discuss and specify how to handle channel access after failure of 16us Cat-2 LBT by a UE for NR-U operation.
· Proposal 4: It is necessary to discuss and specify how to handle channel access after failure of 16us Cat-2 LBT by a UE for NR-U operation.
According to current Rel-16 TS37.213 [1] below, since a UE is not expected to be indicated with different channel access types for any consecutive UL transmissions without gap in between the transmissions, if the UE cannot access the channel using 16us Cat-2 LBT indicated in the DCI, the UE shall attempt to transmit the next transmission according to the 16us Cat-2 LBT indicated in the DCI. 
	4.2.1.0.1	Channel access procedures for consecutive UL transmission(s) 
For contiguous UL transmission(s), the following are applicable:
-	If a UE is scheduled to transmit a set of UL transmissions including PUSCH using a UL grant, and if the UE cannot access the channel for a transmission in the set prior to the last transmission, the UE shall attempt to transmit the next transmission according to the channel access type indicated in the UL grant. 
-	If a UE is scheduled to transmit a set of consecutive UL transmissions without gaps including PUSCH using one or more UL grant(s) and the UE transmits one of the scheduled UL transmissions in the set after accessing the channel according to one of Type 1 or Type 2 UL channel access procedures, the UE may continue transmission of the remaining UL transmissions in the set, if any.
-	A UE is not expected to be indicated with different channel access types for any consecutive UL transmissions without gaps in between the transmissions. 
…


However, it should be discussed whether or not to allow 16us Cat-2 LBT for the next transmission after failure of 16us Cat-2 LBT at the first slot of multi-slot transmission. According to the agreement at RAN1#97 [4] below, considering that the 16us Cat-2 LBT can be indicated to the UE if the gap is 16us, the following options can be considered as UL channel access for UL transmission in the next slot after the failure of 16us Cat-2 LBT at the first slot of multi-slot transmission. Therefore, we propose to choose one of the following options at the RAN1#100 e-Meeting.
	Agreement at RAN1#97 [4]:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)


· Option 1: The UE should attempt to transmit a later UL transmission using 16us Cat-2 LBT indicated in the DCI according to the current TS37.213 specification after failure of 16us Cat-2 LBT in the set of consecutive UL transmission.
· Option 2: The UE should attempt to transmit a later UL transmission using Type 2A UL channel access procedure after failure of 16us Cat-2 LBT in the set of consecutive UL transmission.
· Option 3: The UE should attempt to transmit a later UL transmission using Type 1 UL channel access procedure in the set of consecutive UL transmission.
· Proposal 5: We propose to choose one of the following options at the RAN1#100 e-Meeting.
· Option 1: The UE should attempt to transmit a later UL transmission using 16us Cat-2 LBT indicated in the DCI according to the current TS37.213 specification after failure of 16us Cat-2 LBT in the set of consecutive UL transmission.
· Option 2: The UE should attempt to transmit a later UL transmission using Type 2A UL channel access procedure after failure of 16us Cat-2 LBT in the set of consecutive UL transmission.
· Option 3: The UE should attempt to transmit a later UL transmission using Type 1 UL channel access procedure in the set of consecutive UL transmission.
Conclusion
In this contribution, we have discussed remaining issues on channel access procedure for NR-U such as 1) correction on DL channel access in a shared COT initiated by a UE, 2) CW adjustment for CBG-based transmission and 3) LBT failure on 16us Cat-2 LBT (i.e. Type 2B). The summary of our views with some text proposals for current specification of TS37.213 v16.1.0 [1] is as follows:
· Proposal 1: Adopt the following text proposal on TS 37.213.
	===========================The Start of Text Proposal of TS37.213============================
4.1.3	DL channel access procedures in a shared channel occupancy
For the case where an eNB shares a channel occupancy initiated by a UE, the eNB may transmit a transmission that follows an autonomous PUSCH transmission by the UE as follows:
-	If 'COT sharing indication' in AUL-UCI in subframe  indicates '1', an eNB may transmit a transmission in subframe , where  is subframeOffsetCOT-Sharing, including PDCCH but not including PDSCH on the same channel immediately after performing Type 2A DL channel access procedures in clause 4.1.2.1, if the duration of the PDCCH is less than or equal to duration of two OFDM symbols and it shall contain at least AUL-DFI or UL grant to the UE from which the PUSCH transmission indicating COT sharing was received. 
If a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in clause 4.2.1.1 on a channel, the gNB may transmit a transmission that follows a PUSCH transmission on scheduled or configured resources by the UE after a gap as follows:
-	The transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. 
-	If the higher layer parameters ul-toDL-CO-SharingED-Threshold-r16 is not provided, the transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively. 
-	If the gap is up to , the gNB can transmit the transmission on the channel after performing Type 2C DL channel access as described in clause 4.1.2.3.
-	If the gap is   or , the gNB can transmit the transmission on the channel after performing Type 2A or Type 2B DL channel access procedures as described in clause 4.1.2.1 and 4.1.2.2, respectively.
For the case where a gNB shares a channel occupancy initiated by a UE with configured grant PUSCH transmission, the gNB may transmit a transmission that follows the configured grant PUSCH transmission by the UE as follows: 
-	If the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16 is provided, the UE is configured by cg-COT-SharingList-r16 where cg-COT-SharingList-r16 provides a table configured by higher layer. Each row of the table provides a channel occupancy sharing information given by higher layer parameter CG-COT-Sharing-r16. One row of the table is configured for indicating that the channel occupancy sharing information is not available.
-	If the 'COT sharing information' in CG-UCI indicates a row index that corresponds to a CG-COT-Sharing-r16 that provides channel occupancy sharing information, the gNB can share the UE channel occupancy assuming a channel access priority class p= channelAccessPriority-r16, starting from O=offset-r16 slots from the end of the slot where CG-UCI is detected, for a duration of D=duration-r16 slots where duration-r16, offset-r16, and channelAccessPriority-r16 are higher layer parameters provided by CG-COT-Sharing-r16. 
-	If the higher layer parameter ul-toDL-CO-SharingED-Threshold-r16 is not provided, and if 'COT sharing information' in CG-UCI indicates '1', the gNB can share the UE channel occupancy and start the DL transmission X= cg-COT-SharingOffset-r16 symbols from the end of the slot where CG-UCI is detected, where cg-COT-SharingOffset-r16 is provided by higher layer. The transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively.
<unchanged parts are omitted>
=========================== End of Text Proposal for TS37.213============================


· Proposal 2: It is necessary to further discuss how to handle CWS adjustment from the gNB perspective in case that the UE transmits all CBG NACKs by TB CRC failure after the UE correctly detects retransmitted CBGs.
· Proposal 3: We propose to reset CW as a minimum under CWS adjustment procedure if all CBG-NACK generated by being not correctly detecting TB is received at the gNB when a part of total CBGs is retransmitted by the gNB.
· Proposal 4: It is necessary to discuss and specify how to handle channel access after failure of 16us Cat-2 LBT by a UE for NR-U operation.
· Proposal 5: We propose to choose one of the following options at the RAN1#100bis e-Meeting.
· Option 1: The UE should attempt to transmit a later UL transmission using 16us Cat-2 LBT indicated in the DCI according to the current TS37.213 specification after failure of 16us Cat-2 LBT in the set of consecutive UL transmission.
· Option 2: The UE should attempt to transmit a later UL transmission using Type 2A UL channel access procedure after failure of 16us Cat-2 LBT in the set of consecutive UL transmission.
· Option 3: The UE should attempt to transmit a later UL transmission using Type 1 UL channel access procedure in the set of consecutive UL transmission.
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