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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _Ref494215420]Introduction
In RAN1#98bis meeting, the following had been agreed [1]:
	Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration

Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.




In RAN#84 meeting, the prioritization of NR-U had been agreed [2]:
	7.2.2.1.2 DL signals and channels
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB



[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views on the essential parts of DL signals and channels.

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK8]Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]COT duration indication
In RAN1 #98bis, it was agreed that in addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, a COT duration bit-field per serving cell has been identified as beneficial. The form of COT duration can be with total length or remaining length. But for total length, it needs starting time in addition. And remaining length can use the starting point of begin or end symbol of this GC-PDCCH. From this point of view, remaining length of COT duration can be included.
For the granularity of the signalled COT duration, considering this field introduced for the purpose of UL transmission LBT category switching in a gNB acquired COT, it is preferred a slot based granularity can be used. And the slot SCS can reuse its SFI reference SCS configuration.
If this field is not present, it was agreed that UE should use SFI indication to determine end-of-COT (if SFI is available). In case of SFI indicates DL symbols, UE can receive DL channel and signals in DL symbols. If indications are UL symbols, it means COT sharing for UE when gNB access the channel and Cat1/Cat2 LBT category can be applied in this gNB acquired COT. Otherwise if “flexible” is detected and it is at the end of the slot format which means there are no DL or UL symbols after flexible symbol for this periodicity of DCI format 2_0, the first symbol of these “flexible” symbols can be reinterpreted into “out of COT”. But according to flexible symbols between DL and UL, or only at the end of one slot which at the middle in the periodicity of DCI format 2_0, it is still with the original meaning.
Proposal 1: The COT duration is encoded as remaining length.
Proposal 2: Granularity of the signaled duration is one slot with the SFI reference SCS configuration.
Proposal 3: If COT duration field is not present, the first symbol of “flexible” symbols can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbols for the this periodicity of DCI format 2_0

UE COT detection for FBE
According to the regulatory requirements [ETSI BRAN, Sec. 4.2.7.3.1.4 and Sec. 4.2.7.3.1.5][5], an initiating device is allowed to grant an authorization to one or more associated responding devices to transmit on the current operating channel within the current FFP. A responding device that received a transmission grant from an associated initiating device may proceed with transmissions on the current operating channel:
· Sec. 4.2.7.3.1.4: “(3) An Initiating Device is allowed to grant an authorization to one or more associated Responding Devices to transmit on the current Operating Channel within the current Channel Occupancy Time. A Responding Device that receives such a grant shall follow the procedure described in clause 4.2.7.3.1.5.”
· Sec. 4.2.7.3.1.5: “A Responding Device that received a transmission grant from an associated Initiating Device may proceed with transmissions on the current Operating Channel:
a. The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 μs after the last transmission by the Initiating Device that issued the grant.
b. The Responding Device that does not proceed with such transmissions within 16 μs after the last transmission from the Initiating Device that issued the grant, shall perform a Clear Channel Assessment (CCA) on the Operating Channel during a single observation slot within a 25 μs period ending immediately before the granted transmission time. If energy was detected with a level above the ED Threshold Level (TL) defined in clause 4.2.7.3.1.4, point 6), the Responding Device shall proceed with step 3). Otherwise, the Responding Device shall proceed with step 2). ”
According to the regulatory requirements listed above, whether a UE can transmit in a particular Channel Occupancy Time (COT) depends on if the gNB acquired the channel of that fixed frame period (FFP). Therefore, for FBE, the COT can only be acquired and indicated to UE by the gNB. In some cases, UL transmissions need to be transmitted in the next FFP due to the scheduling delay. In order to meet the regulatory requirements, one option could be that gNB sends a COT indication through group common PDCCH at the beginning of the COT. UE can then adjust its transmission based on the COT indication detection. Alternatively, additional gNB signal (such as PDCCH) could be used as authorization for UE transmitting in the FFP.  
It was agreed that UE can perform UL transmission if DL signals/channels (e.g. PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the FFP are detected. 
	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


There are two typical scenarios that UE can detect DL signals/channels to identify gNB has channel access:
· Scenario-1: UE is configured with GC-PDCCH but fails to detect the GC-PDCCH in current FFP;
· Scenario-2: UE is not configured with GC-PDCCH, e.g. in idle-mode.
For Scenario-1, if UE should monitor scheduling PDCCHs even if GC-PDCCH is not detected. It is not UE energy efficient. So it may be up to UE implementation to decide whether to monitor scheduling PDCCHs even if GC-PDCCH is not detected.
For Scenario-2, UE may receive SSB (for measurement purpose) and broadcast PDCCH (e.g. paging PDCCH, RMSI/OSI PDCCH, RAR PDCCH) in idle mode. But when UE camps on a cell, UE may monitor RMSI/OSI PDCCH only if paging indicates system information update. So, RMSI/OSI PDCCH is not always monitored by UE. In idle mode, UE only needs to transmit PRACH, Msg-3 PUSCH, or common PUCCH etc. So, gNB may allocate SSB, paging PDCCH or RAR PDCCH together with PRACH, Msg-3 PUSCH or common PUCCH in a FFP. Hence, UE can monitors SSB, paging PDCCH and RAR PDCCH to identify gNB has channel access. Allowing UE monitoring too many PDCCHs may have cause UE power consumption. For purpose of RRM/RLM, SSB detection may be implemented in NR-U UE, so SSB detection may be left to UE implementation. Furthermore, introduction of the idle-mode GC-PDCCH is also feasible. Detecting GC-PDCCH may give low latency, since GC-PDCCH can occur at the beginning of each FFP.  
Proposal 4: When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if the following DL signals/channels are detected within the fixed frame.
· SSB;
· Paging PDCCH;
· RAR PDCCH;
· Idle-mode GC-PDCCH.

gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
It is agreed that a group common PDCCH is used to indicate the Channel occupancy time (COT) and frequency domain structure. In this way, when a UE detects a group common PDCCH, it obtains the current COT information. The UE can then determine whether the UL transmission occurs within the current COT. If the UL transmission occurs within the current COT, the LBT category that the UE performs before UL transmission could be indicated by gNB (e.g. Cat 2 or Cat 1). In this case, the gNB should ensure the gap between two transmissions should not be large than 25us. In case the UL transmission is outside the current COT, the LBT category 4 could be indicated to UE through DL control information. The UE should monitor the group common PDCCH while preparing the UL transmission. When it detects a gNB acquired COT before the UL transmission, the LBT category that the UE performs before UL transmission could switch to category 2. In this case, the gNB should ensure the gap between two transmissions should be equal to 16us or 25us. Therefore, in the case where UL transmission falls into gNB acquired COT, Cat 4 UL transmission (including CG) can be switched to cat 2 by detecting the PDCCH (group common PDCCH).
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 5: In the case where UL transmission falls into gNB acquired COT, Cat 4 UL transmission (including CG) can be switched to cat 2 by detecting the (GC-) PDCCH.

CSI-RS
Periodic, semi-persistent and aperiodic CSI-RS transmission is supported in NR. In NR-U, due to the LBT requirement for DL transmission, aperiodic CSI-RS fits the opportunistic transmission of a DL burst. On the other hand, NR periodic CSI-RS and semi-persistent CSI-RS cannot carry over to NR-U directly, considering the fact that the configured transmission opportunity may not be useable due to LBT failure. 
Simple changes to periodic and semi-persistent CSI-RS can be introduced to make it more LBT friendly. Two options[3][4] have been proposed, one option is the periodic/semi-persistent CSI-RS is transmitted even if configured transmission occasion falls outside COT which means the gNB shall also perform LBT prior to the pre-configured CSI-RS occasion in case there is no DL data to transmit.  However, the actual transmission of CSI-RS depends on the LBT outcome, which is uncertain. One enhancement is the gNB should send notification after CSI-RS transmission occasion(s) with regard to transmission state(s) of one or multiple periodic CSI-RS, and measurement results at UE side could be updated accordingly. However, this will introduce additional UE measurements and complexity.
The other option is the periodic and semi-persistent CSI-RS can be only transmitted when the configured transmission occasion falls into the DL portion of a COT. On the UE side, if the configured periodic and semi-persistent CSI-RS transmission occasion(s) fall within a detected COT, these CSI-RS types can still be detected in NR-U.
Proposal 6: The UE is not expected to receive P/SP CSI-RS transmitted without notification by GC-PDCCH. 

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed the COT duration indication, UE COT detection for FBE, LBT category change and periodic and semi-persistent CSI-RS transmission for NR-U operation. Based on the discussion in section 2, we provide the following proposals.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: The COT duration is encoded as remaining length..
Proposal 2: Granularity of the signaled duration is one slot with the SFI reference SCS configuration.
Proposal 3: If COT duration field is not present, the first symbol of “flexible” symbols can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbols for the this periodicity of DCI format 2_0
Proposal 4: When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if the following DL signals/channels are detected within the fixed frame.
· SSB;
· Paging PDCCH;
· RAR PDCCH;
· Idle-mode GC-PDCCH.
Proposal 5: In the case where UL transmission falls into gNB acquired COT, Cat 4 UL transmission (including CG) can be switched to cat 2 by detecting the (GC-) PDCCH.
Proposal 6: The UE is not expected to receive P/SP CSI-RS transmitted without notification by GC-PDCCH.
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