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Introduction
In this contribution, we address our views about remaining issues on channel access procedures for Rel-16 NR-U focusing on semi-static channel access, Type-1 DL channel access, and SRS transmissions especially for the applicability of CP extension. This contribution is revised from our previous tdocs R1-2002246 and R1-2002247.

Discussion
Semi-static channel access procedures
In RAN1 #98bis, the following agreements were made for NR-U FBE operation:
Agreement:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device

The yellow highlighted part, i.e., reception of DL transmission as a condition for UL transmission in a shared COT, is not reflected in the specification.
Proposal 1: Update TS 37.213 Clause 4.3 based on the following TP.
-------------------------------------------------------- Start of TP #1 ----------------------------------------------------
-	If a UE detects a DL transmission burst within the channel occupancy time, the A UE may transmit UL transmission burst(s) after DL transmission burst(s) within the channel occupancy time as follows:
-	If the gap between the UL and DL transmission bursts is at most ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time without sensing the channel.
-	If the gap between the UL and DL transmission bursts is more than ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time after sensing the channel to be idle for at least a sensing slot duration  within a  interval ending immediately before transmission.
-------------------------------------------------------- End of TP #1 -----------------------------------------------------

The length of an idle period Tz is in general not an integer multiple of a symbol duration. Thus, gNB and UE shall not transmit in symbols ‘fully’ or ‘partially’ overlapping with an idle period. To make the wording a bit clearer, one editorial correction is proposed.
Proposal 2: Update TS 37.213 Clause 4.3 based on the following TP.
-------------------------------------------------------- Start of TP #2 ----------------------------------------------------
The gNB and UEs shall not transmit any transmissions in a set of consecutive symbols overlapping with for a duration of at least  before the start of the next channel occupancy time.
-------------------------------------------------------- End of TP #2 -----------------------------------------------------

In ETSI EN 301 893 specification, the transmission of a short control signaling without CCA is allowed for both LBE and FBE [2]. For NR-U LBE operation, it was agreed not to apply this for DRS transmission. gNB is required to perform Type 2 channel access procedure to transmit a discovery burst. However, there was no such discussion for FBE in Rel-16. In FBE, if the CCA in an idle period is failed, there is no chance for DRS transmission in the entire duration of the next COT, i.e., all DRS opportunities in the next COT would be unavailable. Considering its high importance, it may be beneficial to relax the condition for short DRS transmission in FBE.
Proposal 3: Discuss the possibility of allowing a short DRS transmission in a COT when the CCA in the idle period prior to the COT failed in FBE.

Type 1 DL channel access procedures
In TS 37.213 Subclause 4.1.1, a set of DL transmissions for which Type 1 channel access procedure is applicable is listed. However, the current description does not capture the following agreements in RAN1 #96. Based on the agreements, Type 1 channel access is applied for any PDCCH and/or PDSCH transmission not multiplexed with DRS irrespective of whether it contains UP data or not.
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

To align the specification with the agreements, the following modification is proposed.
Proposal 4: Update TS 37.213 Clause 4.1.1 based on the following TP.
-------------------------------------------------------- Start of TP #3 ----------------------------------------------------
This clause describes channel access procedures to be performed by an eNB/gNB where the time duration spanned by the sensing slots that are sensed to be idle before a downlink transmission(s) is random. The clause is applicable to the following transmissions:
-	Transmission(s) initiated by an eNB including PDSCH/PDCCH/EPDCCH, or
[bookmark: _Hlk26439519]-	Transmission(s) initiated by a gNB including unicast PDSCH with user plane data, or unicast PDSCH with user plane data and unicast PDCCH scheduling user plane data, or
-  Transmission(s) initiated by a gNB including PDSCH/PDCCH not multiplexed with discovery burst, or
-  Transmission(s) initiated by a gNB including discovery burst multiplexed with unicast information, or
-	Transmission(s) initiated by a gNB with including only discovery burst or with including discovery burst multiplexed with non-unicast information, where the transmission(s) duration is larger than   or the transmission causes the discovery burst duty cycle to exceed . 
<Unchanged part omitted>
[bookmark: _Hlk26439537][bookmark: _Hlk26479819]A gNB may use any channel access priority class for performing the procedures above to transmit transmission(s) including discovery burst(s) satisfying the conditions described in this subclause. 
A gNB shall use a channel access priority class applicable to the unicast user plane data multiplexed in PDSCH for performing the procedures above to transmit transmission(s) including unicast PDSCH with user plane data. A gNB may use any channel access priority class for performing the procedures above to transmit other transmission(s) described in this subclause.
-------------------------------------------------------- End of TP #3 -----------------------------------------------------

Time resource for SRS transmission
	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 



We would propose to give more flexibility, when SRS request is triggered by UE-specific DCI, the field ChannelAccess-CPext-CAPC can be also applicable to the SRS transmission. The previous meeting (RAN1 #99) has agreements applicable to PUSCH and PUCCH, i.e., the field ChannelAccess-CPext-CAPC is applied to the SRS transmission. According to the agreement, C1 is a fixed value and C2/C3 can be configured.
In the previous e-meeting, the agreement below was drawn among lots of issues. When a UE is granted to transmit consecutive PUSCHs, the UE can apply the type 2x channel access at the succeeding PUSCH transmissions if an LBT failure is observed.
	Agreement:
For LBT type and CP extension, after failing to transmit first PUSCH(s) of a set scheduled by a single UL grant,
· If a UE fails to access the channel with UL Type 2B channel access, Type 2A UL channel access shall be used for the following consecutively scheduled transmissions.
· If a UE fails to access the channel prior to the first of the consecutive UL transmissions, it shall use “0” CP extension for the subsequent UL transmissions irrespective of the CP extension indicated in the scheduling grant.




So far, SRS transmission is not well discussed yet and in our understanding, the TDM of SRS resource and other UL transmissions is not clearly stated in the current specification. The paragraph in TS 37.213-g10 below says about the Type 1 channel access for SRS, and nothing is mentioned in the Type 2 channel access. In our understanding, we need some additional discussion to support TDM of SRS resource and other UL transmissions.
	TS 37.213-g10 section 4.2.1:
A UE shall use Type 1 channel access procedures for transmitting SRS transmissions not including a PUSCH transmission. UL channel access priority class  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.



The CP extension can also be adopted to multiplex PUSCH by TDM, which is illustrated in the Figure 1. Since SRS symbols can be allocated in any symbol in a slot, this CP extension will help using consecutive transmission after some transmission. In Rel-14 eLAA, the SRS is assigns at the end of a subframe, this discussion may not be needed, however in NR the SRS resource can be used for many purposes such as UL CSI or UL beam management and may start with any symbol in a slot. We believe that this can happen in the deployment, and need to discuss further.


     
[bookmark: _Ref37277748]Figure 1. (a) CP extension of a SRS resource	    (b) CP extension of the PUSCH/PUCCH
A scheduling DCI can indicate which CP extension to be used, and it is desirable that the CP extension can be applied to the SRS as well as the scheduled PUSCH or PUCCH. Especially, SRS can be transmitted immediately before/after the PUSCH/PUCCH depending on scheduling DCI or other DCI. However, for SRS transmission based on group common DCI (i.e., DCI format 2_3), any symbol extension may not be allowed because additional signalling should be necessary and no such signalling is discussed in Rel-16.
[bookmark: _Ref37342370]Proposal 5: The CP extension is additionally supported for SRS transmission.

Conclusion
In this contribution, we discussed remaining issues on channel access procedures for Rel-16 NR-U, from which the following proposals are drawn:
Proposal 1: Update TS 37.213 Clause 4.3 based on the following TP.
-------------------------------------------------------- Start of TP #1 ----------------------------------------------------
-	If a UE detects a DL transmission burst within the channel occupancy time, theA UE may transmit UL transmission burst(s) after DL transmission burst(s) within the channel occupancy time as follows:
-	If the gap between the UL and DL transmission bursts is at most ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time without sensing the channel.
-	If the gap between the UL and DL transmission bursts is more than ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time after sensing the channel to be idle for at least a sensing slot duration  within a  interval ending immediately before transmission.
-------------------------------------------------------- End of TP #1 -----------------------------------------------------

Proposal 2: Update TS 37.213 Clause 4.3 based on the following TP.
-------------------------------------------------------- Start of TP #2 ----------------------------------------------------
The gNB and UEs shall not transmit any transmissions in a set of consecutive symbols overlapping with for a duration of at least  before the start of the next channel occupancy time.
-------------------------------------------------------- End of TP #2 -----------------------------------------------------

Proposal 3: Discuss the possibility of allowing a short DRS transmission in a COT when the CCA in the idle period prior to the COT failed in FBE.
Proposal 4: Update TS 37.213 Clause 4.1.1 based on the following TP.
-------------------------------------------------------- Start of TP #3 ----------------------------------------------------
This clause describes channel access procedures to be performed by an eNB/gNB where the time duration spanned by the sensing slots that are sensed to be idle before a downlink transmission(s) is random. The clause is applicable to the following transmissions:
-	Transmission(s) initiated by an eNB including PDSCH/PDCCH/EPDCCH, or
-	Transmission(s) initiated by a gNB including unicast PDSCH with user plane data, or unicast PDSCH with user plane data and unicast PDCCH scheduling user plane data, or
-  Transmission(s) initiated by a gNB including PDSCH/PDCCH not multiplexed with discovery burst, or
-  Transmission(s) initiated by a gNB including discovery burst multiplexed with unicast information, or
-	Transmission(s) initiated by a gNB with including only discovery burst or with including discovery burst multiplexed with non-unicast information, where the transmission(s) duration is larger than   or the transmission causes the discovery burst duty cycle to exceed . 
<Unchanged part omitted>
A gNB may use any channel access priority class for performing the procedures above to transmit transmission(s) including discovery burst(s) satisfying the conditions described in this subclause. 
A gNB shall use a channel access priority class applicable to the unicast user plane data multiplexed in PDSCH for performing the procedures above to transmit transmission(s) including unicast PDSCH with user plane data. A gNB may use any channel access priority class for performing the procedures above to transmit other transmission(s) described in this subclause.
-------------------------------------------------------- End of TP #3 -----------------------------------------------------

Proposal 5: The CP extension is additionally supported for SRS transmission.
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