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Background
In RAN1#98bis the following agreements were made for LBE operation [1].
	Agreement:
Sharing of a UE-initiated channel occupancy (either CG-PUSCH or scheduled UL) with gNB is supported, such that the gNB is allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy.
· The ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured by gNB (RRC signaling)
· if ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions of up to 2/4/8 OFDM symbols in duration for 15/30/60 kHz SCS
· When absence of WiFi cannot be assumed based on e.g. regulation, the ED threshold that the gNB configures to the UE to apply when initiating the channel occupancy is determined based on the max gNB TX power
· Cat. 2 LBT can be used (for gaps of 16us and 25us). 
· Cat. 1 LBT can be used under the following conditions.
· Gap duration <= 16us
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission contains only control/broadcast signals/channels
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission has a duration below X ms (X >= 0).
· FFS: X
· FFS: For transmissions after the second and subsequent switches between UE and gNB


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



In this contribution we present our views on channel access procedures for NR-U operation.
 
Discussions
16s Cat-2 LBT design
In RAN1#97 it was agreed that NR-U support one shot LBT (a.k.a. Cat-2 LBT) with 16s duration [2]. 

	Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis



Several alternatives for channel sensing design have been identified.
· Alt 1: The 16s measurement period is split into two slots with the first slot Tf having a duration 7us and second slot Tsl having a duration of 9s.
· Energy measurement is done in the 9s slot with the measurement including averaging for at least 4 s 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 16s measurement period is split into two slots with the first slot Tf having a duration 7s and second slot Tsl having a duration of 9s.
· Energy measurement is done in both the 7s and 9s slot with the measurement including averaging for at least 4 s in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold.
· Alt 3: Energy measurement is done in any portion of the 16 s duration including averaging for at least 4 s. LBT is said to be successful if the measured energy is lower than the ED threshold.

[bookmark: _Hlk16774346]According to the agreements from RAN1#97, use of 16s Cat-2 LBT is limited to cases when the gap is 16s. If the previous transmission is not from the gNB, it cannot indicate the use of 16s Cat-2 LBT for the following UL transmission, because the gNB cannot guarantee the presence of the previous transmission. In other words, the gNB can indicate the use of 16s Cat-2 LBT for the following UL transmission only when the UL transmission follows DL transmission from the gNB across a 16s gap. Since it is the gNB’s responsibility to make sure the gap length is 16s, it is guaranteed that the previous DL transmission ends right before the gap. Therefore, it does not make much sense to perform energy measurement at the beginning part of the gap. Based on this analysis, Alt 1 is preferable.

Proposal 1: 
· Take Alt 1 for 16s Cat-2 LBT, i.e. energy measurement is done in the last 9s slot with the measurement including averaging for at least 4 s in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold.

DL/UL switching in a DL COT
Looking at ETSI regulation, there is no restriction in terms of the number of DL/UL switching points. In order to have a flexibility of DL/UL scheduling within a DL COT, NR-U supports multiple switching points with gaps longer than 25us in the DL COT, and each switching at a gap longer than 25us uses Cat-2 LBT.

Proposal 2: 
· NR-U supports multiple switching points with gaps longer than 25us in the DL COT.
· Each switching (i.e. DL-to-UL and UL-to-DL) at a gap longer than 25us uses Cat-2 LBT.

•	Signaling support for LBT type/priority indication
In RAN1#98bis it was agreed that, 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, and 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 and C3*symbol length – 25 us – TA. These possible lengths are based on the use cases shown in Figure 1.
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Figure 1: Possible CP extension lengths

Obviously, some combinations of LBT categories and CP extension lengths are not useful. For example, when the network wants the UE to perform 25us Cat-2 LBT, there is no point to indicate 16us CP extension. Similarly, if the network thinks Cat-1 LBT is preferable, it should indicate 16us CP extension but not 25us or 25us+TA. If UL LBT category and CP extension are separately indicated like LTE LAA, it causes unnecessary reserved states as side effects. To maximize signaling efficiency, UL LBT category and PUSCH starting position should be jointly indicated in a DCI.

Proposal 3: 
· [bookmark: _Hlk14718116]UL LBT category and PUSCH starting position should be jointly indicated in DCI.

CWS update
The fundamental principle of Cat-4 LBT is that CWS has to be updated when any collision is observed, and, as long as Cat-4 is used, all transmissions with the same CAPC should keep using the same CWS until updated. Compared with LTE LAA, NR-U supports transmission of more types of physical channels (e.g. PUCCH, RACH messages) in unlicensed bands, and it has been agreed to use Cat-4 LBT for those transmissions. Any transmission initiated by Cat-4 LBT should be referred to for CWS update. 

Proposal 4: 
· As long as Cat-4 is used, CWS should be shared among all transmissions with the same CAPC.
· Any transmission (including PUCCH and RACH messages) initiated by Cat-4 LBT should be referred to for CWS update, if possible.

For CBG based transmission, the gNB receives more than one CBG HARQ-ACK for a given TB. The gNB may not re-transmit all of the undetected CBGs in which case TB HARQ-ACK is always NACK irrespective of collision occurrence. Hence, CWS update should not always rely on TB HARQ-ACK. Instead, a kind of virtual TB HARQ-ACK derived based on CBG HARQ-ACK can be considered. The target error rate for TB is typically set to 10%. Here, successful TB decoding means that all of the CBGs are decoded successfully. In this sense, the error rate for a CBG is basically less than the one for TB. Considering this property, a possible option is that virtual TB HARQ-ACK is set to ACK if at least one CBG HARQ-ACK in the reference slot is ACK, and the virtual TB HARQ-ACK is set to NACK if all the CBG HARQ-ACK in the reference slot is NACK. The reason is because presumably UE fails decoding all of the transmitted CBGs only if a collision actually happens.

Proposal 5: 
· For CBG based transmission, virtual TB HARQ-ACK is used for CWS update.
· The virtual TB HARQ-ACK is set to ACK if at least one CBG HARQ-ACK is ACK.
· The virtual TB HARQ-ACK is set to NACK if all CBG HARQ-ACKs are NACK.

RTS/CTS type mechanism
In order to avoid collisions with hidden node’s transmissions, CSMA/CA system (e.g. WiFi) has receiver assisted LBT mechanism, i.e. RTS/CTS. Once a transmission node gets a channel, it sends RTS to inform a reception node of the presence transmission. When the reception node receives the RTS, it also performs a channel sensing to ensure that there is no hidden node. If it assesses the channel as clear, it sends CTS to inform the transmission node of the completion of clear channel assessment. This mechanism is attractive for communications between a single transmission node and a single reception node. On the other hand, NR system is designed to multi-user transmissions and/or receptions within a cell. For downlink multi-user transmissions, a single transmission burst from a gNB should be able to carry data for multiple UEs. Hence, a single RTS needs to identify multiple UEs, and CTSs need to be simultaneously transmitted from the multiple UEs. Similarly, for uplink multi-user transmissions, multiple RTSs need to be simultaneously transmitted by multiple UEs. Furthermore, NR system is designed to achieve frequency reuse among gNBs. If RTS/CTS from a given node stops the other node’s transmissions, the frequency reuse gain degrades significantly compared with license-band operations. Therefore, RTS/CTS type mechanism may not be very suitable for a use with multi-user scheduling and/or frequency reuse.

Observation 1: 
· RTS/CTS type mechanism may not be very suitable for a use with multi-user scheduling and/or frequency reuse.

LBT for beamformed transmissions
In the SI phase it was agreed that omni-directional LBT should be supported. In addition, the target bands of Rel-16 NR-U work are sub-7GHz bands. Therefore, we do not see the strong motivation to support directional LBT in Rel-16 NR-U.

Proposal 6: 
· Directional LBT is not supported in Rel-16 NR-U.

On the other hand, beamformed transmissions should be available even in sub-7GHz bands. Given that LBT uses an omni-directional beam, the LBT guarantees that there is no ongoing transmitter at any direction. Therefore, beam-sweeping operation within a single COT initiated by omni-directional Cat-4 LBT should be allowed.

Proposal 7: 
· Beam-sweeping operation within a single transmission burst initiated with an omni-directional Cat-4 LBT should be allowed.

Conclusion
In this contribution we present our views on channel access procedures for NR-U operation, and we make the following proposals and observations:

Proposal 1: 
· Take Alt 1 for 16s Cat-2 LBT, i.e. energy measurement is done in the last 9s slot with the measurement including averaging for at least 4 s in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold.

Proposal 2: 
· NR-U supports multiple switching points with gaps longer than 25us in the DL COT.
· Each switching (i.e. DL-to-UL and UL-to-DL) at a gap longer than 25us uses Cat-2 LBT.

Proposal 3: 
· UL LBT category and PUSCH starting position should be jointly indicated in DCI.

Proposal 4: 
· As long as Cat-4 is used, CWS should be shared among all transmissions with the same CAPC.
· Any transmission (including PUCCH and RACH messages) initiated by Cat-4 LBT should be referred to for CWS update, if possible.

Proposal 5: 
· For CBG based transmission, virtual TB HARQ-ACK is used for CWS update.
· The virtual TB HARQ-ACK is set to ACK if at least one CBG HARQ-ACK is ACK.
· The virtual TB HARQ-ACK is set to NACK if all CBG HARQ-ACKs are NACK.

Observation 1: 
· RTS/CTS type mechanism may not be very suitable for a use with multi-user scheduling and/or frequency reuse.

Proposal 6: 
· Directional LBT is not supported in Rel-16 NR-U.

Proposal 7: 
· Beam-sweeping operation within a single transmission burst initiated with an omni-directional Cat-4 LBT should be allowed.
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