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1	Introduction
NR-U study item discussed and studied several aspects related to channel access procedures, including LBT mechanisms, LBT options for different DL and UL channels, receiver assisted LBT, directional LBT, etc. Multiple options and design principles for channel access procedure have agreed and been captured into TR 38.899 [1]. The latest approved WID is in RP-191575.Furthermore, RAN#84 also endorsed priorities for the remaining work in the NR-U WI in RP-191581. For channel access the following points are identified as either essential or optimization:
Essential
· 16us cat 2 LBT detailed design
· [bookmark: _Hlk16500867]Signaling support for LBT type/priority indication
· CWS adjustment, including reference slot definition, processing timeline, what if no feedback expected or available, CWS adjustment for wideband operation and CG
· Channel access mechanism details for FBE
· UE to gNB COT sharing
Optimizations
· [bookmark: _Hlk16756201]Max TX duration follow cat 1 LBT
· Max number of Cat 2 LBT attempts in a 5ms DRS transmission window
· Wideband LBT with common measurement
· Directional LBT
· LBT to facilitate spatial reuse
· Receiver assisted LBT
The related work was concluded for the most part in RAN1#99. In this contribution we discuss the few remaining open issues related to configured grants for NR Unlicensed.

2. Open Issues and Corrections
Issue #1: Applicability of semi-static channel access (FBE) when Wi-Fi is present
During the NR-U Study Item, it was identified that FBE can be useful when LBE nodes are not present. The related agreement is as follows:
Agreement:
· It has been identified that FBE operation for the scenario where it is guaranteed that LBE nodes are absent on a long term basis (e.g., by level of regulation) and FBE gNBs are synchronized can achieve the following.
· Ability to use frequency reuse factor 1
· Lower complexity for channel access due to lack of necessity to perform random backoff
· FFS requirement of synchronization accuracy
· FFS specification impact
· Note: This does not imply that LBE does not have benefits in similar scenarios although there are differences between the two modes of operation
· Note: FBE may also have some disadvantages compared to other modes of operation such as LBE, e.g., a fixed overhead for idle time during a frame.

The related point in the WID is:
For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.
Based on the discussion in the SI, it is clear that FBE is expected to work well only in absence of LBE nodes. However, there is no need to restrict the scenarios in which FBE can be deployed with RAN1 specifications. For example, even if the regulations allow for use of other technologies on a given frequency band and geographic region, the owner of a facility may choose not to deploy any nodes other than FBE in certain space. Therefore, we see that the description in 37.213 should be revised as described in the text proposal below: 
TS 37.213
-------- Beginning of Text Proposal ------------
[bookmark: _Toc28873168]4.3	Channel access procedures for semi-static channel occupancy
If the absence of any other technology sharing a channel can be guaranteed on a long-term basis (e.g. by level of regulation) and if a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic' by SIB1 or dedicated configuration, a periodic channel occupancy can be initiated every  within every two consecutive radio frames, starting from the even indexed radio frame at  with a maximum channel occupancy time , where  in , is a higher layer parameter provided in semiStaticChannelAccessConfig-r16 and . 
 ---------- End of Text Proposal -------------
Proposal 1: remove the limitation in 37.213 on semi-static channel access being applicable only in absence of other technologies.

Issue #2: Applicability of CP extension to Aperiodic SRS
In RAN1#99, the details of using CP extension prior to UL transmission were agreed, e.g.:   
Agreement:
For fallback DL assignments scheduling UL transmissions (e.g. PUCCH):
· LBT type, and the length of the CP extension are jointly encoded in the DL assignment and signaled with 2 bits.
· The supported combinations of LBT type and length of the CP extension are hardcoded in RAN1 specs

Related clarification to 38.211 were agreed in RAN1#100-e. However, it was left open whether to support CP extension also with SRS. SRS transmissions in NR can be triggered dynamically (i.e. aperiodic SRS), using a DL assignment (DCI 1_1, 1_2), a UL grant (0_1, 0_2), or DCI format 2_3. Furthermore, periodic SRS configuration is also supported (bot (periodic or semi-persistent SRS). 
We note that the in the case of Aperiodic SRS, the triggering DCIs 1_1 and 0_1 already include the “ChannelAccess-CPext-CAPC”-field, and hence it becomes straight forward to apply CP extension to SRS as well. The other DCIs capable of triggering SRS do not presently support indication of CP extension. The latest version of 38.212 and 38.214 seem to already support this behavior, and hence the only necessary specification change is in 38.211. 
Proposal 2 When Aperiodic SRS is triggered with a DCI (0_1, 1_1) that also includes indication of CP extension, the CP extension applies to SRS as well.
A corresponding TP is embedded below.
-------- Beginning of Text Proposal ------------
TS 38.211, Section 5.3.1
In case of cyclic prefix extension of the first OFDM symbol  allocated for PUSCH, SRS, or PUCCH transmission, the time-continuous signal  for the interval  preceding the first OFDM symbol for PUSCH, SRS, or PUCCH is given by

where  refers to the signal in the previous subframe and 
-	for dynamically scheduled PUSCH, SRS, and PUCCH transmissions


-	where  is given by Table 5.3.1-1 with  for ,  for , and  and  given by the higher-layer parameters cp-ExtensionC2-r16 and cp-ExtensionC3-r16, respectively, and  given by clause 4.3.1. For contention-based random access, or in absence of higher-layer configuration of  and , the value of shall be set to the largest integer fulfilling  for each of the values of .
-	for a PUSCH transmission using configured grant,  is given by the procedure in [6, TS 38.214].


The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by



Table 5.3.1-1: The variables  and  for cyclic prefix extension
	index 
	
	

	0
	-
	-

	1
	
	

	2
	
	

	3
	
	



-------- End of Text Proposal ------------




Issue #3: Channel Access for periodic signals / channels
Channel access for periodic signals and channels, such as periodic/SPS CSI or SRS, has been little discussed. It is nevertheless necessary to agree on the type of channel access used for them.
When periodic UL transmissions occur outside of a gNB COT, they should naturally make use of Type 1 UL channel access, aka Cat4 LBT. On the other hand, when periodic UL transmission fall within a gNB COT, Cat4 LBT is not necessary, but the UE can instead use Type 2 (A/B/C) UL channel access. 
According to the current version of 37.213, Section 4.2.1.0.0, after detecting DCI 2_0 and determining that a UL transmission (either dynamically scheduled or configured) falls within the gNB’s COT, the UE may convert from Type 1 channel access procedure to Type 2A. However, Type 2A channel access assumes that the gap from the end of a DL transmission until the start of the (periodic) UL transmission is at least 25 us, which is not always the case. Therefore, the description should be generalized so that also UL Type 2B and 2C channel access procedures are allowed, when the related side conditions are satisfied.
Proposal 3 : When a UL transmission scheduled with Type 1 UL channel access (either dynamically scheduled or configured) falls within a gNB COT, the UE may switch to either Type 2A, 2B, or 2C channel access, when the related conditions (duration of the gap, and duration of the UL transmission) are met.   
TS 37.213:
[bookmark: _Toc35593610][bookmark: _Toc28873152]4.2.1.0.0	Channel access procedures upon detection of a common DCI
If a UE detects 'UL duration and offset' field in DCI Format 1C as described in clause 5.3.3.1.4 of [5], the following are applicable:
-	If the 'UL duration and offset' field indicates an 'UL offset'  and an 'UL duration'  for subframe , then the scheduled UE may use channel access procedures Type 2 for transmissions in subframes  where , irrespective of the channel access Type signalled in the UL grant for those subframes, if the end of UE transmission occurs in or before subframe .
-	If the 'UL duration and offset' field indicates an 'UL offset'  and an 'UL duration'  for subframe  and the 'COT sharing indication for AUL' field is set to '1', then a UE configured with autonomous UL may use channel access procedures Type 2 for autonomous UL transmissions assuming any priority class in subframes  where , if the end of UE autonomous UL transmission occurs in or before subframe  and the autonomous UL transmission between  and  shall be contiguous.
-	If the 'UL duration and offset' field indicates an 'UL offset'  and an 'UL duration'  for subframe  and the 'COT sharing indication for AUL' field is set to '0', then a UE configured with autonomous UL shall not transmit autonomous UL in subframes  where .
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 clause 11.1.1 of [7], the following is applicable:
-	The UE may switch from Type 1 channel access procedures as described in clause 4.2.1.1 to Type 2A, Type 2B, and Type 2C channel access procedures as described in clauses 4.2.1.2.1, 4.2.1.2.2, and 4.2.1.2.3, respectively,  for its corresponding UL transmissions within the determined duration in time and location in frequency domain of the remaining channel occupancy, when the conditions in clause 4.2.1.0.3 are met. 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. 






Issue #4 Channel Access for consecutive UL transmissions
Another aspect that is not fully covered is UL channel access in the case of multiple consecutive transmission without gaps in between. Key part from 37.213 is as follows:

[bookmark: _Toc35593611][bookmark: _Toc28873153]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. 

The related discussion is slightly ambiguous in the case of NR:
· The LBT operation in the case when LBT fails for the first UL transmission is unspecified. A straight forward option would be to always use the same channel access type for all consecutive UL transmission, but since the conditions for indicating the type of UL channel access vary depending on the duration of the gap and the duration of the UL transmission, this approach does not work.
· It is not clear how the UE can make use of UL Type 2B/2C channel access

The basic principle for channel access with consecutive transmissions should be such that it allows for making use of any of the UL channel access types for the first UL transmissions of the burst, as long as necessary side conditions are met (durations of the gap & the transmission). This is important specifically for Type 2C channel access. It should be possible to make use of Type 2C channel access for the first of the consecutive UL transmissions (up to 0.584 ms) also when Type 2B has been indicated for a set of consecutive UE transmission, but the Type 2B LBT fails, or correspondingly make use of Type 2B LBT when Type 2C has been indicated.
Proposal 4: Any of the UL channel access types can be indicated for UL transmissions without gaps. 
This can be achieved as follow:
	Channel access type indicated for the first of the consecutive UL transmissions
	LBT for the 1st UL transmission
	LBT for the later UL transmissions

	Type 1
	Type 1 
	If 1st LBT fails: Type 1

	Type 2A
	Type 2A 
	If 1st LBT fails: Type 2A

	Type 2B
	Type 2B: if type 2B fails, use Type 2C if related conditions are met
	If 1st Type 2B LBT fails: Type 2A

	Type 2C
	Type 2C; Also perform Type 2B at the same time if the gap=16 us
	If 1st LBT (Type 2B) fails: Type 2A



The related text proposal is captured below:

-------- Beginning of Text Proposal ------------
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. 
[bookmark: _GoBack]-	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 if the UE cannot access the channel for the first transmission in the set, the UE may attempt to transmit the later UL transmissions in the set.
 	If the first transmission is scheduled to access the channel using Type 1 UL channel access procedure, the UE shall attempt to access the channel with Type 1 UL channel access procedure for later UL transmissions in the set. 
If the first transmission is scheduled to access the channel using Type 2A channel access procedure, the UE shall attempt to access the channel with Type 2A UL channel access procedure with CP extension length 0 for later UL transmissions in the set.
If the first transmission is scheduled to access the channel using Type 2B channel access procedure, the UE shall attempt to access the channel with Type 2A UL channel access procedure with CP extension length 0 for later UL transmissions in the set.
If the first transmission is scheduled to access the channel using Type 2C channel access procedure, the UE shall also perform Type 2B channel access procedure prior to the first transmission. If the UE can access the channel using Type 2B channel access procedure, it may transmit all the contiguous UL transmission. If the UE cannot access the channel using Type 2B channel access procedure, it shall transmit the first UL transmission(s) according to Type 2C procedure, and attempt to access the channel with Type 2A UL channel access procedure with CP extension length 0 for later UL transmissions in the set.
-	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. 
-------- End of Text Proposal ------------
3. Conclusions 
In this contribution we point out a couple of critical missing aspects related to channel access in NR-Unlicensed. The related proposals are:
Proposal 1: Remove the limitation in 37.213 on semi-static channel access being applicable only in absence of other technologies.
Proposal 2 When Aperiodic SRS is triggered with a DCI (0_1, 1_1) that also includes indication of CP extension, the CP extension applies to SRS as well.
Proposal 3 : When a UL transmission scheduled with Type 1 UL channel access (either dynamically scheduled or configured) falls within a gNB COT, the UE may switch to either Type 2A, 2B, or 2C channel access, when the related conditions (duration of the gap, and duration of the UL transmission) are met.   
Proposal 4: Any of the UL channel access types can be indicated for UL transmissions without gaps. 
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