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1. Introduction

This document discusses some clarifications and remaining issues of channel access procedure for NR-U.
2. Text Proposal

2.1. LBT procedure for contiguous uplink transmissions 
If a UE is scheduled to transmit contiguous uplink transmissions, the indicated LBT type, CP extension and CAPC (if any) shall only apply to the first scheduled transmission. If LBT for the first transmission is failed, for the later transmissions within a gNB’s COT, type-2A channel access procedure can be used, otherwise, type-1 channel access procedure should be used. CP extension of 0 for the later transmissions shall be assumed no matter which CP extension is indicated in the corresponding DCI. 

Proposal 1: For contiguous uplink transmissions, if LBT for the first uplink transmission fails, type-2A channel access procedure with CP extension of 0 can be used if the later uplink transmission is within a gNB’s COT, otherwise, type-1 channel access procedure with CP extension of 0 shall be used.  

· Adopt TP1 into section 4.2.1.0.1 of TS 37.213.

----------------------------------- TP1: Start of TP 37.213 section 4.2.1.0.1 ---------------------------------------

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.
-
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 cannot access the channel for the first transmission, the UE shall attempt to transmit the next transmission according to Type 2A UL channel access procedures if Type 2A, Type 2B, or Type 2C UL channel access procedures is indicated in the UL grant, otherwise, the UE shall attempt to transmit the next transmission according to Type 1 UL channel access procedures. The UE shall assume CP extension length is 0 for the next transmission no matter which CP extension length is indicated in the UL grant.
-
A UE is not expected to be indicated with different channel access types for any consecutive UL transmissions without gaps in between the transmissions. 

<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.2.1.0.1 -----------------------------------------

On the other hand, in RAN1#96bis meeting, the following agreement was made. 
	Agreement:

Support RRC configuration of an SRS resource to start at any OFDM symbol within a slot by extending the RRC parameter startPosition of resourceMapping of SRS-Config for Rel-16 to have a value range 0..13.


In our understanding, since an SRS resource can start at any OFDM symbol within a slot, it is possible that a triggered SRS and a scheduled PUCCH/PUSCH are contiguous uplink transmissions and SRS resource is in front of the PUCCH/PUSCH. In that case, the UE shall use the LBT type, CP extension and CAPC (if any) indicated in the DCI for SRS transmission.

Proposal 2: For contiguous uplink transmissions between SRS and DCI scheduled PUCCH/PUSCH, the LBT type, CP extension and CAPC (if any) indicated in the DCI shall be used for SRS transmission if the SRS resource is in front of the PUCCH/PUSCH.

· Adopt TP2 into section 4.2.1 of TS 37.213.
----------------------------------- TP2: Start of TP 37.213 section 4.2.1 ---------------------------------------------

4.2.1
Channel access procedures for uplink transmission(s)
<Unchanged parts are omitted>

A UE shall use Type 1 channel access procedures for transmitting SRS transmissions not including a PUSCH transmission. UL channel access priority class [image: image2.png]


 in Table 4.2.1-1 is used for SRS transmissions not including a PUSCH. 

If a UE is scheduled by an eNB/gNB to transmit PUSCH and SRS in contiguous transmissions without any gaps in between, and if the UE cannot access the channel for PUSCH transmission, the UE shall attempt to make SRS transmission  according to uplink channel access procedures specified for SRS transmission.
If a UE is scheduled by an gNB to transmit SRS and PUSCH/PUCCH in contiguous transmissions without any gaps in between, and SRS is in front of PUSCH/PUCCH, the UE shall use channel access procedure for PUSCH/PUCCH to access the channel for transmitting SRS and PUSCH/PUCCH.

<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.2.1 ---------------------------------------------
2.2. LBT procedure for MsgA transmission in 2-step RACH 

For MsgA transmission in 2-step RACH procedure, if UE initiates a COT for RACH occasion (RO) of MsgA transmission using type-1 channel access procedure with a selected CAPC, e.g., CAPC p=1, and if the corresponding PUSCH occasion (PO) of MsgA is within the COT initiated by the UE, type-2A/2B/2C channel access procedure should be allowed for PUSCH transmission depends on the gap size between RO resource and PO resource. Figure 1 gives an example. Specifically, for PUSCH transmission, if the gap is smaller than 16[image: image4.png]


, type 2C channel access procedure should be used. If the gap is more than or equal to 16[image: image6.png]


 but less than 25[image: image8.png]


, type 2B channel access procedure should be used. If the gap is more than or equal to 25[image: image10.png]


, type 2A channel access procedure should be used.
If the corresponding PO resource is outside the COT initiated by the UE for preamble transmission on the RO resource, UE shall use type-1 channel access procedure for PUSCH transmission.
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Figure 1 LBT for MsgA in 2-step RACH

Besides, there is a typo in the spec that the referred table for type-1 channel access procedure should be Table 4.2.1-1 instead of Table 4.2.1. 
Proposal 3: In 2-step RACH, if a PO is within a COT initiated by a UE for PRACH transmission on an associated RO, for PUSCH transmission on the PO,

· If the gap between the RO and the PO is smaller than 16[image: image13.png]


, type 2C channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 16[image: image15.png]


 but less than 25[image: image17.png]


, type 2B channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 25[image: image19.png]


, type 2A channel access procedure should be used.
· Adopt TP3 into section 4.2.1 of TS 37.213.
----------------------------------- TP3: Start of TP 37.213 section 4.2.1 ---------------------------------------------

4.2.1
Channel access procedures for uplink transmission(s)
<Unchanged parts are omitted>

A UE shall use Type 1 channel access procedure for transmissions related to random access procedure that initiate a channel occupancy with UL channel access priority class [image: image21.png]


 in Table 4.2.1-1.
In Type-2 random access procedure, a UE may transmit a PUSCH on a PUSCH occasion within a channel occupancy that the UE initiated for a PRACH transmission on an associated RACH occasion after a gap as follows:
-
If the gap is up to[image: image23.png]16us



, the UE can transmit the PUSCH on the channel after performing Type 2C UL channel access as described in subclause 4.2.1.2.3.

-
If the gap is more than or equal to 16[image: image25.png]


 but less than 25[image: image27.png]


, the UE can transmit the PUSCH on the channel after performing Type 2B UL channel access as described in subclause 4.2.1.2.2.

-
If the gap is more than or equal to 25[image: image29.png]


, the UE can transmit the PUSCH on the channel after performing Type 2A UL channel access as described in subclause 4.2.1.2.1.

<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.2.1 ---------------------------------------------

2.3. Duration restriction for uplink COT sharing
For uplink COT sharing including both scheduled PUSCH and configured PUSCH, the total duration of UL and DL transmissions should not exceed the MCOT which initiated by the UE. This duration restriction for uplink COT sharing is missing in the spec.
Proposal 4: For uplink COT sharing, clarify that the total duration of UL and DL transmissions should not exceed the MCOT which initiated by the UE.
· Adopt TP4 into section 4.1.3 of TS 37.213.
----------------------------------- TP4: Start of TP 37.213 section 4.1.3 ---------------------------------------------

4.1.3
DL channel access procedures in a shared channel occupancy

<Unchanged parts are omitted>

If a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in subclause 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. 

-
The total duration of a PUSCH transmission on scheduled or configured resources including the following DL transmission obtained by Type 1 channel access procedure with UL channel access priority class [image: image31.png]


, shall not exceed [image: image33.png]Touim cot.p



, where [image: image35.png]Touim cot.p



 is given in Table 4.2.1-1.
-
If the gap is up to [image: image37.png]16us



, the gNB can transmit the transmission on the channel after performing Type 2C DL channel access as described in subclause 4.1.2.3.

-
If the gap is [image: image39.png]25us



  or [image: image41.png]16us



, the gNB can transmit the transmission on the channel after performing Type 2A or Type 2B DL channel access procedures as described in subclause 4.1.2.1 and 4.1.2.2, respectively.

<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.1.3 ----------------------------------------------

2.4. COT sharing indication in CG-UCI
One clarification issue regarding CG-UCI COT sharing is that if CG-PUSCH is transmitted within a gNB-initiated COT, the UE is not expected to provide a valid COT sharing indication in CG-UCI to the gNB, or if the UE provides a valid COT sharing indication in CG-UCI due to processing delay since the CG-UCI information is prepared in advance, the gNB shall ignore the COT sharing indication.

Proposal 5: The gNB shall ignore the COT sharing indication in CG-UCI if the CG-UCI and the corresponding CG-PUSCH is transmitted within the gNB’s COT. 

· Adopt TP5 into section 4.2.1.0.0 of TS 37.213.

-----------------------------------TP5: Start of TP 37.213 section 4.2.1.0.0------------------------------------

4.2.1.0.0
Channel access procedures upon detection of a common DCI

<Unchanged parts are omitted>

If a UE determines the duration in time domain and the location in frequency domain of a remaining channel occupancy initiated by the gNB from a DCI format 2_0 as described in subclause 11.1.1 of [7], the following is applicable:

-
The UE may switch from Type 1 channel access procedures as described in subclause 4.2.1.1 to Type 2A channel access procedures as described in subclause 4.2.1.2.1 for its corresponding UL transmissions within the determined duration in time and location in frequency domain of the remaining channel occupancy. In this case, if the UL transmissions are PUSCH transmissions on configured resources, the UE may assume any priority class for the channel occupancy shared with the gNB. The gNB shall ignore the ‘COT sharing information’ in CG-UCI.
<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.2.1.0.0------------------------------------------

2.5. SSB and CSI-RS transmission within a DRS window 
According to spec in 38.214 section 5.1.6.1.2 and quoted below, UE may assume CSI-RS and SSB are quasi co-located if the CSI-RS and the SSB are transmitted in the same OFDM symbols.
	If the UE is configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap with those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.


Accordingly, QCL relationship between CSI-RS and SSB in the same OFDM symbols should be clarified for CSI-RS transmission within a DRS window.
Proposal 6: If the CSI-RS resource and the SSB resource are in the same OFDM symbol, the corresponding CSI-RS and SSB shall be assumed as quasi co-located.
· Adopt TP6 into section 4.0 of TS 37.213.
----------------------------------- TP6: Start of TP 37.213 section 4.0 ---------------------------------------------

4.0     General

<Unchanged parts are omitted>

-
A discovery burst refers to a DL transmission burst including a set of signal(s) and/or channel(s) confined within a window and associated with a duty cycle. The discovery burst can be any of the following:
-
Transmission(s) initiated by an eNB that includes a primary synchronization signal (PSS), secondary synchronization signal (SSS) and cell-specific reference signal(s)(CRS) and may include non-zero power CSI reference signals (CSI-RS).

-
Transmission(s) initiated by a gNB that includes at least an SS/PBCH block consisting of a primary synchronization signal (PSS), secondary synchronization signal (SSS), physical broadcast channel (PBCH) with associated demodulation reference signal (DM-RS) and may also include CORESET for PDCCH scheduling PDSCH with SIB1, and PDSCH carrying SIB1 and/or non-zero power CSI reference signals (CSI-RS). The CSI-RS and the SS/PBCH block are quasi co-located with 'QCL-TypeD' if the CSI-RS resource and the SS/PBCH block are in the same OFDM symbol(s). 
----------------------------------------End of TP 37.213 section 4.0 ---------------------------------------------

2.6. LBT type indication for PUCCH
For PUCCH transmission, multiple DL grants may schedule a same PUCCH slot to transmit HARQ-ACK information corresponding to PDSCHs. In this case, LBT type indication in which DL grant among the multiple DL grants should be used to perform LBT for PUCCH transmission should be defined. The straightforward way is that UE should follow the LBT type indication in the detected last DL grant.
Proposal 7: The LBT type indication in the last DL grant should be used for PUCCH transmission if multiple DL grants indicate a same PUCCH transmission.

· Adopt TP7 into section 4.2.1 of TS 37.213.
------------------------------------TP7: Start of TP 37.213 section 4.2.1 ---------------------------------------------

4.2.1
Channel access procedures for uplink transmission(s)
<Unchanged parts are omitted>

A UE shall use Type 1 channel access procedures for PUCCH transmissions unless stated otherwise in this subclause. If a last DL grant among the DL grants that scheduling a PUCCH transmission on a same slot indicates Type 2 channel access procedures, or a random access response (RAR) message for successRAR scheduling a PUCCH transmission indicates Type 2 channel access procedures, the UE shall use Type 2 channel access procedures. 

<Unchanged parts are omitted>

----------------------------------------End of TP 37.213 section 4.2.1 ---------------------------------------------

2.7. Processing time of UL channels with CP extension 
In the RAN1 meeting #98bis, the following agreements were achieved:
	Agreement:
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 

· 0 (i.e. no CP extension) 

· C1*symbol length – 25 us 

· C2*symbol length – 16 us - TA 

· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS

· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing

· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account

· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed

· FFS: Applicability of this to other UL transmissions

· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured


This agreement that “The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account” is not reflected in the spec. One potential way to reflect this agreement is that to make sure the transmission of PUSCH with CP extension fulfill the PUSCH preparation time, for example, the starting position of the CP extension of the first uplink symbol of the scheduled PUSCH in unlicensed spectrum shall start no earlier than the symbol L2 which is defined according to current PUSCH preparation time
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Figure 2 Processing time of PUSCH with CP extension

Similar timeline modification should also apply to PUCCH transmission, for example, the starting position of the CP extension of the first uplink symbol of the PUCCH carrying HARQ-ACK information in unlicensed spectrum shall start no earlier than the symbol L1 which is defined according to current PDSCH processing time
[image: image44.wmf],1

proc

T

.  

Proposal 8: The starting position of the CP extension of the first uplink symbol of PUSCH or PUCCH in shared spectrum shall start no earlier than the symbol L2 or L1. 
· Adopt TP8 into section 6.4 of TS 38.214.

· Adopt TP9 into section 5.3 of TS 38.214.
----------------------------------- TP8: Start of TP 38.214 section 6.4 ----------------------------------------------

6.4     UE PUSCH preparation procedure time

If the first uplink symbol or the first uplink symbol with its CP extension with shared spectrum channel access in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, or by ChannelAccess-CPext or ChannelAccess-CPext-CAPC with shared spectrum channel access, and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 

<Unchanged parts are omitted>

----------------------------------------End of TP 38.214 section 6.4 -----------------------------------------------

----------------------------------- TP9: Start of TP 38.214 section 5.3 ----------------------------------------------

5.3     UE PDSCH processing procedure time

If the first uplink symbol or the first uplink symbol with its CP extension with shared spectrum channel access of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used, or by ChannelAccess-CPext with shared spectrum channel access, and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after 
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 after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 

<Unchanged parts are omitted>

----------------------------------------End of TP 38.214 section 5.3 -----------------------------------------------

3. Conclusion
In this contribution, some remaining issues and clarifications regarding channel access procedure in NR-U are discussed. The following proposals are made.

Proposal 1: For contiguous uplink transmissions, if LBT for the first uplink transmission fails, type-2A channel access procedure with CP extension of 0 can be used if the later uplink transmission is within a gNB’s COT, otherwise, type-1 channel access procedure with CP extension of 0 shall be used.  

· Adopt TP1 into section 4.2.1.0.1 of TS 37.213.

Proposal 2: For contiguous uplink transmissions between SRS and DCI scheduled PUCCH/PUSCH, the LBT type, CP extension and CAPC (if any) indicated in the DCI shall be used for SRS transmission if the SRS resource is in front of the PUCCH/PUSCH.

· Adopt TP2 into section 4.2.1 of TS 37.213.
Proposal 3: In 2-step RACH, if a PO is within a COT initiated by a UE for PRACH transmission on an associated RO, for PUSCH transmission on the PO,

· If the gap between the RO and the PO is smaller than 16[image: image48.png]


, type 2C channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 16[image: image50.png]


 but less than 25[image: image52.png]


, type 2B channel access procedure should be used.

· If the gap between the RO and the PO is more than or equal to 25[image: image54.png]


, type 2A channel access procedure should be used.
· Adopt TP3 into section 4.2.1 of TS 37.213.
Proposal 4: For uplink COT sharing, clarify that the total duration of UL and DL transmissions should not exceed the MCOT which initiated by the UE.
· Adopt TP4 into section 4.1.3 of TS 37.213.
Proposal 5: The gNB shall ignore the COT sharing indication in CG-UCI if the CG-UCI and the corresponding CG-PUSCH is transmitted within the gNB’s COT. 

· Adopt TP5 into section 4.2.1.0.0 of TS 37.213.

Proposal 6: If the CSI-RS resource and the SSB resource are in the same OFDM symbol, the corresponding CSI-RS and SSB shall be assumed as quasi co-located.
· Adopt TP6 into section 4.0 of TS 37.213.
Proposal 7: The LBT type indication in the last DL grant should be used for PUCCH transmission if multiple DL grants indicate a same PUCCH transmission.

· Adopt TP7 into section 4.2.1 of TS 37.213.
Proposal 8: The starting position of the CP extension of the first uplink symbol of PUSCH or PUCCH in shared spectrum shall start no earlier than the symbol L2 or L1. 
· Adopt TP8 into section 6.4 of TS 38.214.

· Adopt TP9 into section 5.3 of TS 38.214.
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