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1. Introduction

In this contribution, we discuss COT detection via PDCCH or Group-common PDCCH and slot structure indication for NR-U. In previous meetings [1][2], we have the following agreements related to COT detection and indication. 
	RAN1 #94bis 

Agreement:
In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.

RAN1 #AH_1901

Agreement:
· The UE may assume the presence of a signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).

· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving

· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.

· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst

· FFS: Potential enhancements to DMRS design to address issues with detection probability

· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 


2. Discussion
2.1 Slot structure inside/outside a COT
In NR, a flexible frame structure has been supported to enable more efficient spectrum usage and faster HARQ-ACK feedback compared with LTE. Such a flexible frame structure is intuitive to be utilized and extended for NR operating in unlicensed spectrum. In NR Rel-15, a gNB could indicate such flexible frame structure by semi-static RRC signalling, slot format indicator (SFI)/DCI format 2_0, and scheduling DCI. However, when it comet to NR operating in unlicensed spectrum, some restrictions/modification to semi-static RRC signalling for slot structure may be necessary. It results from that gNB could not guarantee downlink or uplink transmission direction for each symbol before gNB obtains an unlicensed channel successfully. One reasonable way is that gNB configures symbols outside gNB’s channel occupancy time (COT) as ‘flexible’ when gNB indicates slot structure via semi-static RRC signalling. It could be updated/changed later via dynamic signalling once gNB accesses the unlicensed channel successfully.  
Proposal 1: In NR-U, OFDM symbols outside COT are configured as ‘flexible’ via semi-static RRC signalling. 
Considering slot structure inside COT in the time domain, we find it beneficial and simple to use NR Rel-15 DCI format 2_0 structure as baseline to indicate the time domain transmission direction for each symbol within gNB’s COT.  
However, since NR Rel-15 DCI format 2_0 structure is monitored periodically, it may induce some impact when using it without modification or enhancements to indicate COT structure in the time domain. Due to uncertain timing of a successful LBT to obtain a COT, some monitoring occasions of DCI format 2_0 indicated to UE may be outside a gNB’s COT. For one example, assume gNB accesses the channel successfully during the two consecutive monitoring occasions of DCI format 2_0, gNB may not have chance to indicate the COT structure till the next monitoring occasion of DCI format 2_0. It may be harmful to spectrum usage if there are a number of slots away from next monitoring occasion of DCI format 2_0. 
In our view, there are at least two options to achieve better usage of DCI format 2_0 for NR in unlicensed spectrum: 
· Option 1: NR-U supports aperiodic SFI indication or an event-triggered indication, 
· Option 2: different PDCCH monitoring periodicity configured for inside a COT and outside a COT, at least for DCI format 2_0. 

For Option 1, once network accesses an unlicensed channel successfully, network would transmit a SFI to indicate the slot structure of whole or partial COT. It helps UE quickly realize transmission direction of symbols within the COT, and circumvent some unnecessary monitoring. Under this Option 1, it is intuitive that the SFI or DCI format 2_0 is served as an indication of the start of COT, which will also be discussed in next sub-session. 
For Option 2, network may configure different SFI monitoring periodicity to a UE. One example is that a more frequent monitoring occasion exists outside of a COT. Once the UE detects a SFI within the COT, the monitoring occasion can be switched to another one, which may have larger periodicity. Compared with the Option 1, Option 2 does not necessitate UE to monitor SFI in each slot outside of a COT, which may relax the power consumption concern. 
Proposal 2: NR-U supports SFI to indicate slot structure in NR-U with at least one of following modifications: 
· supporting an aperiodic SFI, 

· different monitoring periodicity for outside COT and inside COT. 
In NR Rel-15, DCI format 2_0 could indicate slot format of one or more slots. Within one slot, one symbol could be indicated  as “downlink”, “uplink”, “flexible”. However, in NR-U, considering using DCI format 2_0 to indicate COT structure in the time domain, DCI format 2_0 may cause ambiguity if no further modification is made. Since a COT initiated by a network may end in the middle of a slot, a DCI format 2_0 received in the COT may indicate some slots which are entirely within the COT, including the ending slot, which is partially located within the COT. If the SCS of indicated serving cell is different from the reference SCS, there could be more slots, outside of  COT, indicated by the DCI format 2_0. 

For symbols outside COT, slot format or state indicated by the DCI format 2_0 may be not available or meaningful at all. How to solve the ambiguity needs to be further studied. One solution is that, for the ending slot, if a UE knows ending symbol by DCI format 2_0 or other signals, the UE could apply partial slot format indicated by DCI format 2_0 for symbols within the COT. Then, the UE ignores or discards remaining slot format indicated by DCI format 2_0 for symbols or slots outside the COT. Another  one solution is that utilizing entries from 56-254 in current SFI table to indicate partial slot format. These entries could only indicate “D”, “F”, “U” in a fewer number of symbols than that of a full slot. Based on the latter solution, the DCI format 2_0 in Rel-16 could indicate ending symbol of a COT and slot format of the ending slot. However, additional entry design may consume more time. In our view, for the limited time unit, we prefer the first one solution for DCI format 2_0 to indicate time structure of a COT. 
Proposal 3: For a slot partially or fully outside a COT and indicated by a DCI format 2_0 received in the COT, the UE applies slot format indicated by DCI format 2_0 only for symbols within the COT.  
In addition, based on current NR Rel-15 SPEC, if a UE does not receive a DCI format 2_0 on a configured monitoring occasion, the UE only performs CORESET monitoring within the “flexible” OFDM symbols indicated by semi-static RRC signal until receiving a DCI format 2_0 indication. However, for NR-U, DCI format 2_0 miss may result from that the configured monitoring occasion is outside gNB’s COT. In view of UE, it may be too conservative and may loss some performance gain. It could be beneficial that UE could also perform measurement on the semi-static RRC signalled “flexible” OFDM symbols in a gNB's COT, even UE does not receive a DCI format 2_0 outside gNB’s COT. In such way, it may avoid hidden node’s problem without further signalling after the UE detects the gNB’s COT. 

Proposal 4: For NR-U, beside CORESET monitoring, UE is allowed to receive  pre-configured resource on RRC signalled “flexible” symbols, at least for measurement, even not receiving SFI on monitoring occasion. 

2.2 COT detection 
Following discussion on COT structure indication via SFI/DCI format 2_0, it is intuitive to use DCI format 2_0 as an indication of start of a DL burst or COT by gNB. If one signal is introduced to serve as COT structure indication, it can also be used to indicate the start of a COT. With such design, UE is able to detect a COT and obtain knowledge of the COT structure at the same time. 
Proposal 5: DCI format 2_0 or a signal indicating COT structure in NR-U is used to serve as an indication of start of a DL burst or COT by gNB. 

In case DCI format 2_0 is not used as detection of a DL burst or COT, it is foreseen that monitoring configuration of SFI is needed to change. Since unpredicted start and end of a COT, even the length of a COT, it is hard to preconfigure or indicate suitable periodicity and starting offset for SFI monitoring. In addition to designing different periodicity setting for outside/inside COT mentioned above, it is also helpful the starting offset of SFI monitoring can be defined based on the initial slot of a COT. In such way, it can avoid a situation that no SFI occasion is occurred within a COT. 
Proposal 6: For NR-U, how UE interprets the configuration for monitoring DCI format 2_0 is associated with the start of a DL burst or COT by gNB. 
3. Conclusion

According to the discussion mentioned above, we have the following proposals. 
Proposal 1: In NR-U, OFDM symbols outside COT are configured as ‘flexible’ via semi-static RRC signalling. 

Proposal 2: NR-U supports SFI to indicate slot structure in NR-U with at least one of following modifications: 
· supporting an aperiodic SFI, 

· different monitoring periodicity for outside COT and inside COT. 
Proposal 3: For a slot partially or fully outside a COT and indicated by a DCI format 2_0 received in the COT, the UE applies slot format indicated by DCI format 2_0 only for symbols within the COT.  
Proposal 4: For NR-U, beside CORESET monitoring, UE is allowed to receive  pre-configured resource on RRC signalled “flexible” symbols, at least for measurement, even not receiving SFI on monitoring occasion. 
Proposal 5: DCI format 2_0 or a signal indicating COT structure in NR-U is used to serve as an indication of start of a DL burst or COT by gNB. 

Proposal 6: For NR-U, how UE interprets the configuration for monitoring DCI format 2_0 is associated with the start of a DL burst or COT by gNB. 
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