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1	Introduction
In NR-U WID, one objective is to support multiple switching point within a shared COT:
“Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).”
Also, in RAN-1 meeting AH1901, some methods has been identified as the way to create gaps between DL/UL or UL/UL:
Agreement: 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs

The created gaps make sure that the specified LBT works properly before transmission. However, some other concerns should be addressed in supporting multiple switching point. One example is the LBT failure and uplink grant miss detection problem, which may lead to COT interruption. In this regard, we provide our view on supporting multiple switching point in a gNB initiated COT. 
2	Discussion
2.1	Multiple switching point within a gNB initiated COT
[bookmark: _GoBack]As mentioned in the introduction, UE may fail a LBT or miss detecting an uplink grant in a gNB initiated COT, especially in the shared spectrum. Figure 1 shows a hidden node scenario that a NR-U gNB and a Device A cannot listen to each other. In this case, they may transmit signals simultaneously, which introduces severe interference to the UE and causes uplink grant miss detection. On the other hand, in a gNB initiated COT, if the UE is configured to perform Cat-2 LBT before transmission, the LBT may fail due to the signals transmitted from the Device A.
Observation 1. Hidden node scenario may cause UE miss detecting an uplink grant or LBT failure in a gNB initiated COT.
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Figure 1. A hidden node scenario which lead to UE LBT failure or uplink grant miss detecting.
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Figure 2. A scenario that a device B may succeed a LBT in the gNB initiated COT
If the UE did not transmit the UL signal due to UL grant miss detection, other devices may occupy the COT immediately. As shown in Figure 2, where Device B is an exposed node to the NR-U gNB and a hidden node to Device A. Assuming that the gNB sent a UL grant to the UE, but the UE missed the UL grant due to the interference from Device A. Because Device B could not listen to the UE and Device A, and the gNB was waiting for the UL signal, Device B might succeed the LBT. Thus, the COT initiated by the gNB might be interfered by Device B. To be noted, Device A and B in Figure 1 and 2 are not limited to a base station unit, it can be mobile devices such as wifi UEs as well. So the scenario may not be avoided by base station deployment. 
Observation 2. A combination of an exposed node and a hidden node may cause interruption of a gNB initiated COT.
To avoid the problem, the NR-U gNB should better utilize the UL channel when the UE unable to transmit the UL signal. A mechanism from LAA AUL may be adopted in this scenario with some enhancements. According to section 4.1.3 in [2], an eNB can transmit a PDCCH, not including a PDSCH in a subframe, with a COT sharing indication for AUL after sensing the channel to be idle for at least 25usec. For gNB initiated COT, since the gNB has succeeded a Cat-4 LBT, some constrain in [2] can be relaxed, such as enabling the PDCCH with PDSCH and the duration of the DL burst can be longer but not exceed the MCOT.
According to channel access procedures listed in TR, a UE may transmit a UL signal immediately (Cat-1 LBT) or after a Cat-2 LBT within a gNB initiated COT. In this term, if the gNB wants to reuse the scheduled UL resource for DL burst transmission, the gNB should adopt a longer sensing time. As depicted in Figure 3, if a UE is configured to perform Cat-1 LBT before UL transmission, the UE should able to transmit the UL signal at the UL transmission starting point indicated by the uplink grant. To make sure that the UE is unable to transmit the UL signal, the gNB should perform a Cat-2 LBT started at the UL transmission starting point as well. If the gNB succeeds the LBT, then the gNB starts to transmit the DL burst. To be noted, to apply this method, the UL resources should be configured as flexible, thus other UE can keep monitoring the PDCCH of the DL burst.
In another example in Figure 4, a UE is configured to perform Cat-2 LBT before UL transmission. Assuming a priori burst was punctured for the UE to perform LBT, the UE might start sensing the channel 25 us before the UL transmission starting point. Thus, the gNB should start sensing the channel at the same time but with a longer sensing time, e.g. 34 us. If there is no signal transmission within the sensing time, the gNB can start to transmit a DL burst.
[image: ]
Figure 3. A UE is scheduled to transmit a UL burst with Cat-1 LBT in a gNB initiated COT.
[image: ]
Figure 4. A UE is scheduled a UL occasion with Cat-2 LBT in a gNB initiated COT.
Proposal 1. A gNB should reuse the scheduled UL channel for DL burst transmission if the scheduled UE is not able to transmit.

3	Conclusions
Observation 1. Hidden node scenario may cause UE miss detecting an uplink grant or LBT failure in a gNB initiated COT.
Observation 2. A combination of an exposed node and a hidden node may cause interruption of a gNB initiated COT.
Proposal 1. A gNB should reuse the scheduled UL channel for DL burst transmission if the scheduled UE is not able to transmit.
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