
3GPP TSG RAN WG1#101

R1- 2003370
e-Meeting, May 25th – June 5th, 2020
Source:
vivo
Title:
Remaining issues on the channel access procedures
Agenda Item:
7.2.2.2.1
Document for:
Discussion and Decision
1. Introduction & Background

In RAN1#98bis, the COT sharing and the duration of the CP extension were 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 was 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 RAN1#100bis-e meeting [3], the following agreements were achieved:
Agreement:
Back-to-back transmission of CG-PUSCH and dynamically scheduled PUSCH is supported in NR-U with restrictions similar to those in LTE LAA.
Agreement:
For at least PUSCH transmissions with configured grants, a UE is allowed to choose between the ED threshold given by ul-toDL-CO-SharingED-Threshold-r16 and the default one. Whether a spec change is required needs further discussion. Discuss and decide the possible TPs in the next meeting.
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 making 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. ED threshold for UL to DL COT sharing 

It has been agreed that for at least PUSCH transmissions with configured grants, a UE is allowed to choose between the ED threshold given by ul-toDL-COT-SharingED-Threshold-r16 and the default one. In current spec, such case is not included, therefore, we need to clarify the UE behavior for dynamic ED threshold indication. When higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is provided, the UE is configured by cg-COT-SharingList-r16 where cg-COT-SharingList-r16 provides a table configured by higher layer. Each row of the table provides a channel occupancy sharing information given by higher layer parameter CG-COT-Sharing-r16. One row of the table is configured for indicating that the channel occupancy sharing is not available, e.g. index 0. In the cg-COT-SharingList-r16, since it is used to indicate the sharing information, the duration of the DL transmission is non-zero. If UE chooses to use the default ED threshold, the gNB is only 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, the duration of the DL transmission is up to 2/4/8 OFDM symbols for 15/30/60 kHz SCS. An offset should be provided to indicate the available resource location. Therefore, a row cg-COT-SharingList-r16 can be used to indicate such use case by setting the duration to zero. When UE indicates such row in the CG-UCI, gNB can transmit control/broadcast signals/channels at slot n+O, with length up to 2/4/8 OFDM symbols for 15/30/60 kHz SCS. The D with zero value indicates that UE uses the default ED threshold. Besides, when UE indicates “no COT sharing”, it means that there is no new COT sharing information available, gNB will continue to use the previously indicated COT sharing information. If “no COT sharing” is continuously indicated from the beginning of the COT to the end of the CG UL transmission, it means that UE will not share the channel to the gNB.
Proposal 2: Adding a value ‘0’ for D (i.e. duration-r16) in cg-COT-SharingList-r16 to indicate that UE chooses the default ED threshold. If the row with D=0 is indicated in CG-UCI, gNB can transmit control/broadcast signals/channels at slot n+O, with length up to 2/4/8 OFDM symbols for 15/30/60 kHz SCS.
Proposal 3: Continuous “no COT sharing” indication from the beginning of the UL COT means that UE will not share the channel to the gNB. Otherwise, “no COT sharing” means that no new COT sharing information is available.

For DG UL transmission, when ul-toDL-COT-SharingED-Threshold-r16 is provided, but gNB has no DL transmission, it is beneficial for UE with Type 1 channel access scheme to use the default ED threshold to enhance the channel access probability. Therefore, it is preferred that gNB can indicate which ED threshold the UE should use in the UL grant. A 1 bit filed can be included in the DCI to differentiate the ED thresholds. E.g. 0 indicates that UE uses the default ED threshold, 1 indicates that UE uses the UL to DL COT sharing ED threshold. The 1 bit field can be added to the UL scheduling DCI only when the ul-toDL-COT-SharingED-Threshold-r16 is configured. It can also be a fixed field in the UL scheduling DCI. In this case, if the ul-toDL-COT-SharingED-Threshold-r16 is not provided, the field can be always set to 0, or UE can simply ignore this field. 
Proposal 4: A 1 bit filed can be included in a UL scheduling DCI to indicate the ED threshold for DG UL transmission.
1.3. LBT gap between UL to DL for COT sharing 

In TS37.213, it is specified that gNB can perform DL transmission if the gap between DL transmission and the preceding UL transmission is exactly 25us or up to16us in either UE initiated COT or gNB initiated COT. However, if such restriction is applied, UE or gNB may need to ensure the 25us gap by transmitting unnecessary signals between the UL burst and the DL burst, which will block the channel access of other RATs during this period, such as Wi-Fi. If the gap larger than 25us is allowed, gNB only performs Type 2A LBT immediately before the DL transmission. In between the UL and DL transmission, if Wi-Fi would like to access the channel, it will have higher probability since gNB and UE does not transmit anything during this period. Therefore, relaxing the gap restriction is beneficial for both NR-U and other RATs.
Proposal 5: Relaxing the LBT gap between UL to DL for COT sharing to be larger than 25us.
1.4. CG UL transmission cancellation
In last meeting, it has been agreed that back-to-back transmission of CG-PUSCH and dynamically scheduled PUSCH is supported in NR-U with restrictions similar to those in LTE LAA. If a UE is scheduled to transmit UL transmission(s) starting from symbol i in slot n using Type 1 channel access procedure without CP extension with a corresponding CAPC, and if the UE starts configured grant UL transmissions before slot n using Type 1 channel access procedure with a corresponding CAPC, the UE may continue to transmit the scheduled UL transmission(s) with the corresponding CAPC from symbol i in slot n without a gap, if the CAPC value of the performed channel access procedure is larger than or equal to the CAPC value corresponding to the scheduled UL transmission(s). The RB sets used by the dynamic grant transmission should occupy all of the RBs of the same channel occupied by the CG UL transmission or all the RBs of a subset of the RB sets occupied by the CG UL transmission. The sum of the transmission durations of the configured grant UL transmission(s) and the scheduled UL transmission(s) shall not exceed the maximum channel occupancy time corresponding to the CAPC value used to transmit the configured grant UL transmission(s). Otherwise, the UE should terminate the CG UL transmission before the DG UL transmission. The dropping or cancellation rule of the CG UL transmission is not agreed in last meeting. To align with LTE LAA, the CG UL transmission in the last slot before the DG UL transmission can be dropped when the time between the ending symbol of the UL grant scheduling the DG PUSCH and the starting symbol of the last slot is larger than or equal to the UE processing time. However, if the time is not sufficient to drop the CG UL transmission in the last slot, the cancellation rules for URLLC in TS38.214 Section 6.1 can be applied to cancel the CG UL transmission. The earliest time where cancellation starts is the symbol to which the time duration from the UL grant scheduling the DG PUSCH is equal to the UE processing time.  
Proposal 6: The cancellation rule in TS38.214 Section 6.1 can also be applied to NR-U.
Proposal 7: The earliest time where the CG UL transmission can be dropped is the starting boundary of the last slot before the DG UL transmission, or the symbol to which the duration from the ending symbol of the UL grant scheduling the DG PUSCH is equal to or larger than the UE processing time, whichever comes last.
3. Conclusion

In this contribution, we discussed the remaining issues on channel access schemes. 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: Adding a value ‘0’ for D (i.e. duration-r16) in cg-COT-SharingList-r16 to indicate that UE chooses the default ED threshold. If the row with D=0 is indicated in CG-UCI, gNB can transmit control/broadcast signals/channels at slot n+O, with length up to 2/4/8 OFDM symbols for 15/30/60 kHz SCS.
Proposal 3: Continuous “no COT sharing” indication from the beginning of the UL COT means that UE will not share the channel to the gNB. Otherwise, “no COT sharing” means that no new COT sharing information is available.
Proposal 4: A 1 bit filed can be included in a UL scheduling DCI to indicate the ED threshold for DG UL transmission.
Proposal 5: Relaxing the LBT gap between UL to DL for COT sharing to be larger than 25us. 
Proposal 6: The cancellation rule in TS38.214 Section 6.1 can also be applied to NR-U.
Proposal 7: The earliest time where the CG UL transmission can be dropped is the starting boundary of the last slot before the DG UL transmission, or the symbol to which the duration from the ending symbol of the UL grant scheduling the DG PUSCH is equal to or larger than the UE processing time, whichever comes last.
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