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1 Introduction
At RAN#84, it was decided to prioritize the following channel access related aspects [1]: 
· 16us cat 2 LBT detailed design
· 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
In this contribution, we provide our view on those main points, and further discuss other open issues. 
2 [bookmark: _Ref178064866]Discussion
2.1		Remaining details on LBT for Control
2.1.1	LBT for DL Control messages
In LAA, the choice of channel access priority class (CAPC) for grant-only transmissions, i.e. PDCCH only, is up to eNB. Similarly, the usage of the highest priority class (lowest priority class value) should be allowed for NR-U transmissions that only consist of control information (broadcast or UE specific). 
[bookmark: _Toc16877937]When a gNB transmission includes only control signals/channels/information without any user plane data, the priority class value for accessing the channel is up to gNB. 
Note that in this contribution, when we talk about highest priority class, it corresponds to the lowest CAPC value listed in TS 37.213.
2.1.2	LBT for UL Control messages
During SI phase, it was agreed that the Cat4 with highest priority class (lowest value) can be used for initiating a COT by UE as LBE device to transmit SRS, RACH, PUCCH. 
It should be clarified that RACH in here refers to both PRACH and Msg3. UE may send Msg3 using the highest priority class as long as Msg3 is not multiplexed with any user plane data. If user plane data is multiplexed with Msg3, the channel access priority class is selected according to the data.
[bookmark: _Toc16877938]If Msg3 is not multiplexed with user specific data, Msg3 can be sent using the highest priority class. If user plane data is multiplexed with Msg3, the channel access priority class is selected according to the multiplexed data.
2.2		16us Cat2 LBT detailed design
During RAN1#97, the following agreement was made: 
Agreement: 
Select one of the following alternatives for Cat2 LBT in a 16 us gap.  
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us.  
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold.  
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us.  
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots.  
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold.  
In principle BRAN does not mandate performing any sensing within gap of 16us or less. In this case, NR-U devices will be performing the sensing voluntarily to avoid colliding with an ongoing transmission from a hidden node, i.e. a node that is hidden from the node which is initiating the COT. Accordingly, it is sufficient to sense the channel only once within the gap duration, i.e. consider either Alternative 1 or 3 to determine whether the channel is occupied or not.
[bookmark: _Toc16877939]It is sufficient to sense the channel only once within the 16us gap, i.e. consider either Alt 1 or Alt 3 for Cat2 LBT in a 16us gap. 
2.3		Signalling support for LBT type/priority indication
[bookmark: _Toc535011038][bookmark: _Toc535011039][bookmark: _Toc535011040][bookmark: _Toc535011041][bookmark: _Toc535011044][bookmark: _Toc535011045][bookmark: _Toc535011046][bookmark: _Toc535011047][bookmark: _Toc535011048][bookmark: _Toc535011049][bookmark: _Toc535011050][bookmark: _Toc535011052]The channel access mechanism for the UL transmission depends on both the channel access priority class of the traffic and the COT initiation or COT sharing situation. This information should be indicated to the UE. Before going into the LBT parameter signaling details, we summarize the possible channel access cases that can occur at the UE in Table 1. There are mainly two categories: 
1. UE initiated COT
2. gNB initiated COT (shared COT)
a. UL follows DL transmission (DL-UL switch)
b. UL follows UL transmission (UL-UL switch)

1. For UE initiated COT, no channel access priority class needs to be indicated to the UE. 
2. For shared COT, the channel access priority class (CAPC) is needed to make sure that the data sent by the UE follows the same or higher priority class as the one used when initiating the COT. In addition to CAPC, the following needs to be indicated to the UE: LBT category and whether CP extension is needed. These parameters are shown and further explained in Table 1.
[bookmark: _Ref16846966]Table 1: UL channel access mechanisms in UE/gNB initiated COT
	
	Required LBT category
	CAPC indication
	CP extension after channel sensing   
	Comments

	1. UE initiated COT
	Cat4 sensing
	No
	UE performs Cat4 LBT before the start of the scheduled transmission 
-> no CP extension
	No need to indicate the channel access priority class. The UE can use the QCI and a configured QCI to map channel access priority class as in feLAA. 

	

2a.
DL to UL switch in a shared COT initiated by the gNB
	Cat1 immediate transmission 
	Yes
	UE transmits immediately at the first scheduled symbol. 
No special behaviour from the UE is needed.
-> no puncturing or CP extension
	This can only happen in case of DL to UL switch. 
gNB guarantees that the gap is less than or equal to 16us.
(gap ≤ 16us) 
 

	
	Cat2 16us sensing
	Yes 
	UE performs the LBT immediately before the first scheduled symbol 
-> No CP extension
	[bookmark: _Hlk16844488]Only applicable for gaps equal to 16us when switching from DL to UL case. 
gNB guarantees that the gap is equal to 16us. 
(gap = 16us). 

	
	Cat2 25us sensing

	Yes 
	UE performs the LBT immediately before the first scheduled symbol 
-> no CP extension
	Works for both shared COT and paused TxOP for the DL to UL switch. 
The gap in this case can be 25us or larger 
(gap ≥ 25us).

	2b. UL to UL switch in a shared COT initiated by the gNB 
	Cat2 25us sensing

	Yes
	First symbol of the scheduled PUSCH needs to be extended
->  CP extension required
	Gap should be exactly 25us and not longer.
(gap = 25us)



To minimize the amount of signaling of parameters specific to unlicensed access within the DCI and following the footsteps of signaling the time resources assignment, those three parameters can be jointly encoded and defined in a channel access profile table. The indexed row defines LBT category, channel access priority class (CAPC), and if CP extension is needed (value set to 1 if CP extension is needed). The channel access profile field value m of the DCI provides the row index m   as defined in Table 2. Note that with the 5 bits needed for m, only about half of the index values are used, and other values can be used for other future purposes. Table 2 includes all the possible channel access profiles corresponding to the cases explained in Table 1. 
[bookmark: _Toc11249409][bookmark: _Toc16877940]The channel access profile field value m of the DCI provides information about LBT category, channel access priority class, and CP extension. 
	Row index
	LBT category                            
	CP extension                     
	Channel access priority class

	0
	Cat1
	0
	1

	1
	Cat1
	0
	2

	2
	Cat1
	0
	3

	3
	Cat1
	0
	4

	4
	Cat2_16us
	0
	1

	5
	Cat2_16us
	0
	2

	6
	Cat2_16us
	0
	3

	7
	Cat2_16us
	0
	4

	8
	Cat2_25us
	0
	1

	9
	Cat2_25us
	0
	2

	10
	Cat2_25us
	0
	3

	11
	Cat2_25us
	0
	4

	12
	Cat2_25us
	1
	1

	13
	Cat2_25us
	1
	2

	14
	Cat2_25us
	1
	3

	15
	Cat2_25us
	1
	4

	16
	Cat4
	0
	-


[bookmark: _Ref16846874][bookmark: _Toc11249410]Table 2: Channel access profiles
2.4		UE initiated COT
The following is stated in the SI technical report:
It was identified that sharing resources with gNB within COT(s) that is acquired by UE(s) as part of configured grant based transmissions should be supported. It was also identified that allowing configured grant based transmissions within a gNB acquired COT should be supported. Details of identification of situations when COT(s) sharing is possible and the details of potential resource sharing mechanisms and rules can be determined when specifications are developed.
In our view, the UE initiated COT should follow same rules as gNB initiated COT. The UE may share the remainder of the COT with the gNB. The gNB may send control information and/or data. By EN 301 893 definition, a UE can share its COT according to the defined rules: 
· gNB may proceed with transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 µs after the last transmission by the UE.
· gNB that does not proceed with such transmissions within 16 µs after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot within a 25 µs period ending immediately before the transmission time.
The gNB may perform transmissions on the current operating channel for the transmission time indicated by the UE. The COT sharing information (duration/priority class) is provided by the UE on UCI. 
[bookmark: _Toc16877941]The gNB transmission within a UE initiated COT may carry control and/or data.
2.5		Contention window adjustment
[bookmark: _Hlk513760338]2.5.1	CW adjustment in case of CBG based feedback
According to BRAN regulations, if at least one transmission that started at the beginning of the Channel Occupancy was successful, the Initiating Device may reset the contention window. Accordingly, it should be straight forward to extend CWS rules to be used also in case of CBG based ACKs/NACKs.
However, it should be kept in mind, that in case of wideband operation, a PDSCH/PUSCH may extend across multiple LBT channels. In this case, the PDSCH/PUSCH should be considered for adjusting the contention window of all the LBT channels that the PDSCH/PUSCH spans.   
[bookmark: _Toc16877942]For the purpose of contention window adjustment on an LBT channel, in case of CBG based transmission, the HARQ-ACK value corresponding to a reference PDSCH/PUSCH is assumed NACK if all the CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT channel (sub-band/carrier) are NACKs
2.5.2	Reference slot for CW
In LAA, the reference subframe is the first subframe of the most recent DL/UL transmission for which at least some HARQ feedback is expected to be available.  This was mainly to consider the processing delay to obtain the feedback which is around 4ms in LTE. The Situation is different for NR-U, since the processing delays are significantly smaller (see table 3).

Table 3: UE processing delays for different SCS
	PDSCH Configuration
	HARQ Timing
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Front-loaded DMRS only
	N1
	8
	10
	17

	Front-loaded + additional DMRS
	N1
	13
	13
	20

	N1: # of OFDM symbols from end of PDSCH until beginning of PUCCH






Some concerns were raised during last meeting that it is problematic to allow the same rule for NR-U as it is in LAA. It was claimed that an NR-U device can transmit for COT durations that are smaller than the time needed to provide the feedback for the earlier COT just for the sake of not adjusting the contention window. First, we would like to emphasize that this kind of behaviour is not possible according to 37.213 where it is mandated that the COT is updated based on reference subframe of the most recent DL/UL transmission for which at least some HARQ feedback is expected to be available. It is true that in LAA the reference subframe might not be the start of the latest COT due to the larger feedback delay as compared to NR, but instead the COT before the latest, but that will not be a typical case. If the gNB has enough data, it will try to consume the channel occupancy which has already started  instead of sensing for consecutive short channel occupanciess in which an LBT is required for each. 
Similarly for NR-U, it is not expected that a device will initiate consecutive COTs that are smaller than 2ms if it has enough data in buffer to fill an MCOT. For 15 and 30KHz, the feedback will be “expected” latest 1 slot (1 and 0.5 ms later, respectively) from the end of the PDSCH transmission. Thus, in principle, even if the same rule as in LAA is applied for NR-U, in most, if not all cases, the latest COT will be taken in consideration to update the CW.
BRAN has been discussing this issue extensively and reached the conclusion that it is simpler if the device keeps the same CW until feedback is received [1]. BRAN is still in the process of drafting text to include the proposal in EN 301 893. The text will ensure that there shall be no bias between delayed success and delayed failure reporting. The same principle should be followed in NR-U for both DL and UL, including configured UL grant. To ensure that there is no bias, we think that, as a rule, the latest available feedback should be considered for CW adjustment. 
[bookmark: _Toc16877943]For NR-U, the device keeps the same CW until feedback is received. 
[bookmark: _Toc16877944]In NR-U DL, the reference PDSCH(s) for CWS update are the PDSCH(s) for which the PDSCH(s) or their associated channels (e.g. PDCCH) or signals (e.g. DMRS) start at the beginning of the most recent gNB initiated COT using Cat4 LBT for which at least some HARQ feedback is available.
[bookmark: _Toc16877945][bookmark: _Toc15478660][bookmark: _Toc15478661][bookmark: _Toc15478662][bookmark: _Toc15478663][bookmark: _Toc15478664][bookmark: _Toc15478665][bookmark: _Toc15478666][bookmark: _Toc15478667][bookmark: _Toc15478668][bookmark: _Toc15478669][bookmark: _Toc15478670][bookmark: _Toc15478671][bookmark: _Toc15478672][bookmark: _Toc15478673][bookmark: _Toc15478674][bookmark: _Toc15478675][bookmark: _Toc15478676][bookmark: _Toc15478677][bookmark: _Toc15478678][bookmark: _Toc15478679]In NR-U UL, the reference PUSCH(s) for CWS update are the PUSCH(s) for which the PUSCH(s) or UL signals (e.g. DMRS) start at the beginning of the most recent UE initiated COT using Cat4 LBT for which at least some HARQ feedback is available.
2.5.3	Carrier aggregation and wideband contention window adjustments 
In principle, the same rules that govern the multi-carrier access procedure should be used for wideband access procedure. 
For wideband operation where the carrier bandwidth is greater than the LBT bandwidth, PDSCH/PUSCH can be contained in one sub-band or transmitted over multiple sub-bands. The impact of the latter on CW adjustment should be considered. 

TS 37.213 supports two approaches for  in case of multi-carrier access procedure: 
· 

Case 1: A single value is maintained for the set of carriers . That is the case for Type B1 for DL,.
· 
Case 2: A value is maintained independently for each carrier. That is the case for Type A1, A2, and B2 for DL, independent Cat4 LBT in the UL, .or in case of UL multi-carrier operation by performing Cat4 LBT only on one single carrier and Cat2 LBT on the remaining carriers immediately before the transmission. 
Case 1 can be easily reused in case of wideband operation. In that case, a single value is maintained for the set of sub-bands . 

[bookmark: _Toc16877946]If single value is maintained for the set of LBT channels (sub-band or carrier).
a. 


[bookmark: _Toc16877947]if the HARQ-ACK values corresponding to PDSCH/ PUSCH transmission(s) in reference PDSCH(s)/ PUSCH of all carriers are determined as NACK, increase  for each priority class to the next higher allowed value; 
b. 

[bookmark: _Toc16877948]otherwise, for every priority class set 
If an independent [image: ]value is maintained for each LBT channel (sub-band or carrier), the HARQ-ACK value corresponding to a reference PDSCH/PUSCH that spans multiple LBT channels should be used to update the contention window for each of these LBT channels.
  
2.6		Receiver assisted LBT
It is not clear how RTS/CTS-like handshake would fit into the NR-U frame structure. Here we list some potential issues: 
· The RTS/CTS messages will only be understood by an NR-U system and by no other technologies; therefore, the benefits, if any, will be less in a coexistence scenario with a different technology. 
· Both gNB and UE should transmit the message using the same format and on the same physical resources. This will require introducing a common physical layer channel for both DL and UL, that is new or extending an existing one into the other transmission direction, e.g. PDCCH-like signal in the UL direction.  Otherwise, any node, gNB or UE, will have to blindly monitor for two different physical channels in every slot.
· Asynchronous detection will always be needed even in a synchronized deployment since the intra-cell UEs are not necessarily time aligned with non-serving gNBs. Similarly, intra- or inter- cell UEs are not time aligned. 
We also note that RTS/CTS-like handshake mechanisms result in significant degradation in system throughput in many scenarios.
[bookmark: _Toc16877936]Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design 
[bookmark: _Toc534970166][bookmark: _Toc534970167][bookmark: _Toc534970168][bookmark: _Toc534970169][bookmark: _Toc534970170]2.7		Wideband LBT in 6GHz
The nominal bandwidth in 5GHz is 20MHz. Given that there are already a lot of legacy devices operating on 20MHz channel bandwidth, performing single wideband LBT over bandwidth that is larger than 20MHz is not suitable for the 5GHz band. The situation might be different for operation in 6GHz. The smallest unit for LBT should be equivalent to the nominal channel bandwidth defined by the regulations. This can help to simplify coexistence between nodes as well as the implementation of nodes operating with a particular nominal channel bandwidth.
[bookmark: _Toc16877949][bookmark: _Toc4798116][bookmark: _Toc4798117][bookmark: _Toc4798118][bookmark: _Toc4798119]In 6GHz, LBT is performed in units of nominal channel bandwidth defined by the regulations. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design
Based on the discussion in the previous sections we propose the following:
Proposal 1	When a gNB transmission includes only control signals/channels/information without any user plane data, the priority class value for accessing the channel is up to gNB.
Proposal 2	If Msg3 is not multiplexed with user specific data, Msg3 can be sent using the highest priority class. If user plane data is multiplexed with Msg3, the channel access priority class is selected according to the multiplexed data.
Proposal 3	It is sufficient to sense the channel only once within the 16us gap, i.e. consider either Alt 1 or Alt 3 for Cat2 LBT in a 16us gap.
Proposal 4	The channel access profile field value m of the DCI provides information about LBT category, channel access priority class, and CP extension.
Proposal 5	The gNB transmission within a UE initiated COT may carry control and/or data.
Proposal 6	For the purpose of contention window adjustment on an LBT channel, in case of CBG based transmission, the HARQ-ACK value corresponding to a reference PDSCH/PUSCH is assumed NACK if all the CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT channel (sub-band/carrier) are NACKs
Proposal 7	For NR-U, the device keeps the same CW until feedback is received.
Proposal 8	In NR-U DL, the reference PDSCH(s) for CWS update are the PDSCH(s) for which the PDSCH(s) or their associated channels (e.g. PDCCH) or signals (e.g. DMRS) start at the beginning of the most recent gNB initiated COT using Cat4 LBT for which at least some HARQ feedback is available.
	In NR-U UL, the reference PUSCH(s) for CWS update are the PUSCH(s) for which the PUSCH(s) or UL signals (e.g. DMRS) start at the beginning of the most recent UE initiated COT using Cat4 LBT for which at least some HARQ feedback is available.

Proposal 9	If single value is maintained for the set of LBT channels (sub-band or carrier).



a.	if the HARQ-ACK values corresponding to PDSCH/ PUSCH transmission(s) in reference PDSCH(s)/ PUSCH of all carriers are determined as NACK, increase  for each priority class to the next higher allowed value;


b.	otherwise, for every priority class set 
Proposal 10	In 6GHz, LBT is performed in units of nominal channel bandwidth defined by the regulations.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510689957][bookmark: _Ref510689889]References
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