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1. Introduction & Background

In RAN1#98bis, the COT sharing and the duration of the CP extension was further discussed as follows [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 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

In RAN1#99 meeting, the transmission length after the Cat 1 LBT is agreed [2]
Agreement:
· The maximum duration of the transmission by a UE after Cat. 1 LBT is restricted to 584 microseconds

· The parameter X (from prior agreement) for DL transmission after Cat. 1 LBT is equal to 584 microseconds

In this contribution, we will discuss the remaining issues on the channel access schemes for NR unlicensed spectrum.
2. Channel access schemes in NR unlicensed spectrum
1.1. Channel access schemes for multiple switching points
In NR-U, multiple switching points within a gNB-initiated COT were agreed to be supported. Assuming there are two switching points within a gNB-initiated COT, i.e., the transmission directions are DL-UL-DL. If the gap between DL-UL is less than 16 us, UE immediately transmits PUSCH, PUCCH, PRACH, or SRS. The subsequent DL transmission is subjected to the agreed channel access schemes, i.e. gNB can perform immediate transmission if the gap between UL-DL is less than or equal to 16us, gNB can also perform 16us Cat. 2 LBT or 25us Cat. 2 LBT and transmits according to the LBT result. Furthermore, gNB can also perform Cat.4 LBT with the CAPC matched for the DL transmission. All the LBT schemes for the second switching point are based on the assumption that the UE has successfully transmitted the UL data or control information. In general, gNB could know if the UE has successfully transmitted by UL signal detection. If no UL signal is detected, gNB assumes that the channel at UE side is busy and the UE fails to transmit. However, in the case that UE performs very short UL transmission, e.g., a quick ACK/NACK feedback as shown in Figure 1. gNB may not have enough time to finish decoding before it performs the LBT for the next DL transmission. Therefore, gNB has no idea about the transmission status of the UE. In this case, if UE performs Cat.2 LBT, either 16us or 25us, there is a risk that the channel is busy and UE cannot transmit. gNB should not perform Cat.1 immediate transmission or Cat.2 LBT if the UE fails to transmit. 
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Figure 1 Multiple switching points
To avoid such problem, one solution is to make gNB always perform Cat.4 LBT for the second switching point when it cannot make sure the previous UL transmission is successful, which is not efficient and can be treated as a new gNB-initiated COT. Another possible solution is the make Cat.1 immediate transmission as mandatory for short UL transmission, which can guarantee the UL transmission. Besides, according to the agreement, the maximum duration of the transmission by a UE after Cat.1 immediate transmission is restricted to 584 microseconds, which is far more enough for a short UL transmission.
Proposal 1: For multiple switching points within a gNB-initiated COT, Cat.1 immediate transmission should be mandatory for short UL transmission.
1.2. FBE transmission and scheduling
When FBE is deployed, the transmitter should perform LBT immediately before a fixed frame period (FFP). If the channel is sensed as idle, the transmitter can start the transmission from the start of the frame. In NR-U Rel-16, it was agreed that when gNB operates as an initiating device and 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. However, for idle mode UE, there will be very limited signals with relatively long period for detection, e.g., SSB. If UE fails to send PRACH due to busy channel at UE side in the current FFP, it needs to wait till the next SSB to transmit PRACH, which further degrades the performance. Besides, for the UEs that with light DL transmission and heavy UL transmission, the UL transmission delay due to lack of DL signals is also dramatic. 
To shorten the delay for the mentioned UEs above, gNB should increase the DL signals/channels transmission frequencies. However, with the existing DL signals/channels, frequent transmission means increasing signaling overhead and also possible more power consumption at the UE side due to the frequent decoding. Therefore, some simple DL signals with less power consumption are preferred. These DL signals can be sent more frequently only to indicate that gNB has obtained the COT, especially when there is no DL data or other control or system information is available as shown in Figure 2.

[image: image2.emf]...

gNB

Fixed frame 

period 2

CCA

CCA

CCA

DL signal

UL 

transmission

Fixed frame 

period 1

DL 

transmission

...

UE1

Fixed frame 

period 2

CCA

CCA

Fixed frame 

period 1

...

UE2

Fixed frame 

period 2

CCA

CCA

Fixed frame 

period 1


Figure 2 DL signal detection
The wideband DMRS can be considered as a candidate for DL signal to indicate the acquired COT at the gNB side. Wideband DMRS can be sent independently or together with other information. UE can first only detect the wideband DMRS. If wideband DMRS is detected, UE can further detect other information or perform UL transmission as shown in Figure 2. Otherwise, UE assumes that gNB has not obtained the channel.
Proposal 2: Wideband DMRS can be considered as a candidate DL signal to indicated the acquired COT at the gNB side in FBE mode
3. Conclusion

In this contribution, we discussed different channel access schemes adapting to the NR new features. The following proposals are given:

Proposal 1: For multiple switching points within a gNB-initiated COT, Cat.1 immediate transmission should be mandatory for short UL transmission.
Proposal 2: Wideband DMRS can be considered as a candidate DL signal to indicated the acquired COT at the gNB side in FBE mode 
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