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1 Introduction
In this contribution we discuss channel access aspects related to NR-U in both 5 and 6 GHz. 
2 [bookmark: _Ref178064866]Discussion
2.1 LBT for DL Control messages

In LAA, the choice of LBT priority class for grant-only transmissions, i.e. PDCCH only, is up to eNB.  Similarly, the usage of the lowest priority class value should be allowed for NR-U transmissions that are only comprised of control information (broadcast or UE specific). 
[bookmark: _Toc7792223][bookmark: _Hlk1049084]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. 
2.2 LBT for UL Control messages
During SI phase, it was agreed that the CAT4 with highest priority class can be used for initiating a COT by UE as LBE deviceto 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 Msg 3 the channel access priority class is selected according to the data
[bookmark: _Toc7792224]Msg3 not multiplexed with user specific data can be send using the highest priority class. If user plane data is multiplexed with Msg 3 the channel access priority class is selected according to the multiplexed data

2.3 [bookmark: _Toc535011038][bookmark: _Toc535011039][bookmark: _Toc535011040][bookmark: _Toc535011041]gNB initiated COT: 
During the SI phase, the following was agreed [1]: 

At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 µs between any two transmissions in the COT, the channel access schemes in Table 7.2.1.3.1-2 apply for the DL burst following a UL burst.
Table 7.2.1.3.1-2 Channel access schemes for a DL burst follows a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 µsec


Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 µs. Transmissions from a gNB having a gap of more than 16 µs are considered as separate DL bursts.
Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in Table 7.2.1.3.1-3.
Table 7.2.1.3.1-3 Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
· When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
· For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
· Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed.

Based on the previous agreement, we summarize the following: 
· Multiple switching points are allowed in a gNB initiated COT.
· If the gap between DL and UL or UL and DL is less than 25us, CAT2 is allowed 
· If the gap between DL and UL or UL and DL is less than or equal 16us, CAT1 is allowed. 
· Pause txOP (i.e. gap>100us) is allowed in case of one switching point.

The following is still not precluded and under discussion: 
· Support of multiple switching points with gaps > 25us
· If there is a need for limit on the duration of the UL in case of CAT1 LBT.   

In our contributions to previous meetings [2][3] we argued for supporting multiple switching points with gaps larger than 25us between DL and UL. We believe that this feature can be beneficial for NR-U operation. However, taking in consideration the concerns that have been raised due to this operation mode and the controversy of this topic in relation to coexistence with our technologies, it is OK to limit the pause txOP to single switching point. 
If the UL burst consists of multiple frequency multiplexed UEs, it is understandable to add a maximum limit on the duration of the UL burst if CAT1 is used. However, if only one UE is being scheduled within the UL burst, no limit is needed. 
[bookmark: _Hlk534810989]
[bookmark: _Toc535011044][bookmark: _Toc535011045][bookmark: _Toc535011046][bookmark: _Toc535011047][bookmark: _Toc535011048][bookmark: _Toc535011049][bookmark: _Toc535011050][bookmark: _Toc7792225][bookmark: _Toc535011052]Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits in case of multiple frequency multiplexed UEs within the burst can be considered. 
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 remaining of the COT with gNB. the gNB may send control and/or data. by EN 301 893 definition, a UE can share a 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: _Toc7792226]The gNB transmission within a UE initiated COT may carry control and/or data.
2.5 Contention window adjustment
2.5.1 [bookmark: _Hlk513760338]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 Ack/Nacks. 

[bookmark: _Toc7792227]For the purpose of contention window adjustment, the HARQ-ACK value corresponding to a reference PDSCH is assumed NACK if all the CBGs of the PDSCH are NACKs in case of CBG based feedback.
[bookmark: _Toc7792228]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 DL burst for which at least some HARQ feedback is expected to be available.
[bookmark: _Toc7792229]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 UL burst for which at least some HARQ feedback is expected to be available.
2.5.2 DL CW adjustment for Standalone
LAA supports feedback transmission only on licensed carriers. Therefore, the CW adjustment procedure for standalone operation, or licensed assisted NR-U with feedback on unlicensed carriers is not clear. With the flexible PDSCH to ACK timing, the feedback might not necessarily come before the next channel access procedure initiated by the gNB. The same situation can occur if the UE couldn’t send the feedback due to failed LBT. The impact of those situations on the CW adjustment procedure should be specified.  In principle, the situation is very similar to the UL CW adjustment in case of autonomous UL in LAA. It should be straight forward to adopt the same rules of CW adjustment in case of feedback absence and delayed feedback.

[bookmark: _Toc7792230]Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for UL CW adjustment for autonomous UL in feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback is transmitted on unlicensed spectrum.
[bookmark: _Toc7792231]Before a gNB initiates a COT, the gNB adjusts the CWS according to the following:
· [bookmark: _Toc7792232]If the gNB received feedback for at least one the reference PDSCH(s), the contention window size is adjusted as following:
i. [bookmark: _Toc7792233]The contention window size at the gNB is reset if HARQ-ACK value for at least one of the reference PDSCH(s) is ACK
ii. [bookmark: _Toc7792234]Otherwise, the contention window size at the gNB is increased 
· [bookmark: _Toc7792235]If there exists at least one previous DL Cat.4 LBT transmission, from the start of the transmission of which, N slots have elapsed, and no feedback for any of the reference PDSCH(s) was received
i. [bookmark: _Toc7792236]For each such previous Category 4 LBT transmission from the start slot of which, N slots have elapsed and no feedback was received
1. [bookmark: _Toc7792237]The contention window size at the gNB is increased to the next higher value
2. [bookmark: _Toc7792238]Each such previous Category 4 LBT transmission is used to adjust the CWS only once
· [bookmark: _Toc7792239]else if the gNB starts a new Cat4. LBT transmission before N slots have elapsed from the previous CAT.4 LBT and no feedback for any of the reference PDSCH(s) is received, the CWS is unchanged. 
· [bookmark: _Toc7792240]if the gNB receives feedback for one or more previous Category 4 LBT transmission from the start slot of which, N slots have elapsed and no feedback for any of the reference PDSCH(s) was received, it may recompute the CWS as follows:
i. [bookmark: _Toc7792241]Step 1: it reverts the CWS to the value used to transmit the first burst of such previous Category 4 LBT transmission(s) 
ii. [bookmark: _Toc7792242]Step 2: it updates the CWS sequentially in order of the transmission of bursts:
1. [bookmark: _Toc7792243]if the feedback indicates ACK for the reference PDSCH(s) of that burst, CWS is reset
2. [bookmark: _Toc7792244]else (if the feedback indicates NACK or there is no feedback), the CWS is doubled
[bookmark: _Toc7792245]	FFS: value of N and dependency on subcarrier spacing and UE capability 
2.5.3 UL Configured Grant Contention window adjustments 
The contention window adjustment for feLAA, as described in section 4.2.2 in 37.213, should be considered as a baseline for UL configured grants in NR-U.
[bookmark: _Toc7696922][bookmark: _Toc7792246]Contention window adjustment rules for feLAA are considered as a baseline for UL transmissions with configured grant.
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: _Toc7789471]Supporting receiver assisted LBT requires significant changes to NR physical layer and channel design 

2.7 [bookmark: _Toc534970166][bookmark: _Toc534970167][bookmark: _Toc534970168][bookmark: _Toc534970169][bookmark: _Toc534970170]Wideband LBT
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: _Toc7792247][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	Msg3 not multiplexed with user specific data can be send using the highest priority class. If user plane data is multiplexed with Msg 3 the channel access priority class is selected according to the multiplexed data
Proposal 3	Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits in case of multiple frequency multiplexed UEs within the burst can be considered.
Proposal 4	The gNB transmission within a UE initiated COT may carry control and/or data.
Proposal 5	For the purpose of contention window adjustment, the HARQ-ACK value corresponding to a reference PDSCH is assumed NACK if all the CBGs of the PDSCH are NACKs in case of CBG based feedback.
Proposal 6	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 DL burst for which at least some HARQ feedback is expected to be available.
Proposal 7	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 UL burst for which at least some HARQ feedback is expected to be available.
Proposal 8	Similar rules for CW adjustment in case of absence of feedback and delayed feedback as for UL CW adjustment for autonomous UL in feLAA are adopted for DL CW adjustment in standalone deployment, or any deployment where the feedback is transmitted on unlicensed spectrum.
Proposal 9	Before a gNB initiates a COT, the gNB adjusts the CWS according to the following:
	If the gNB received feedback for at least one the reference PDSCH(s), the contention window size is adjusted as following:
i.	The contention window size at the gNB is reset if HARQ-ACK value for at least one of the reference PDSCH(s) is ACK
ii.	Otherwise, the contention window size at the gNB is increased
	If there exists at least one previous DL Cat.4 LBT transmission, from the start of the transmission of which, N slots have elapsed, and no feedback for any of the reference PDSCH(s) was received
i.	For each such previous Category 4 LBT transmission from the start slot of which, N slots have elapsed and no feedback was received
1.	The contention window size at the gNB is increased to the next higher value
2.	Each such previous Category 4 LBT transmission is used to adjust the CWS only once
	else if the gNB starts a new Cat4. LBT transmission before N slots have elapsed from the previous CAT.4 LBT and no feedback for any of the reference PDSCH(s) is received, the CWS is unchanged.
	if the gNB receives feedback for one or more previous Category 4 LBT transmission from the start slot of which, N slots have elapsed and no feedback for any of the reference PDSCH(s) was received, it may recompute the CWS as follows:
i.	Step 1: it reverts the CWS to the value used to transmit the first burst of such previous Category 4 LBT transmission(s)
ii.	Step 2: it updates the CWS sequentially in order of the transmission of bursts:
1.	if the feedback indicates ACK for the reference PDSCH(s) of that burst, CWS is reset
2.	else (if the feedback indicates NACK or there is no feedback), the CWS is doubled
FFS: value of N and dependency on subcarrier spacing and UE capability
Proposal 10	Contention window adjustment rules for feLAA are considered as a baseline for UL transmissions with configured grant.
Proposal 11	In 6GHz, LBT is performed in units of nominal channel bandwidth defined by the regulations.
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