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Introduction
In RAN1 meeting #97, the following agreements related to DL signals and channels were agreed:
Agreement:
· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15

Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
In this contribution, discussions related to DL signals and channels which including UE detection of gNB’s COT for LBE and FBE scenarios, COT structure indication, and DMRS design are provided. 
UE detection of gNB’s COT
The following candidate solutions are discussed for detection of a gNB’s DL burst by UE:
1) DM-RS in GC-PDCCH together with GC-PDCCH content
2) Wideband DM-RS in GC-PDCCH together with GC-PDCCH content
3) DM-RS without GC-PDCCH content
4) Wideband DM-RS in CORESET
5) Wideband DM-RS in GC-PDCCH
6) DM-RS in GC-PDCCH or CSI-RS
There is no agreement that GC-PDCCH should be transmitted at the beginning of a DL burst, so it is better not to associate a DL burst detection to a GC-PDCCH. In addition, it is better to clarify that from UE perspective, a PDSCH reception or a PUSCH transmission after UE receiving a DL/UL grant should be independent from the reception of GC-PDCCH, for example, if one UE receives the DL grant and misses the GC-PDCCH, it should be able to receive the corresponding PDSCH scheduled by the DL grant. The detection of gNB’s DL transmission could be performed either by PDCCH detection with a correct CRC or by the existence detection of PDCCH DMRS. The false alarm of DMRS existence detection is higher than PDCCH detection with correct CRC, so using PDCCH detection with correct CRC for gNB’s COT detection is slightly preferred to reduce the false alarm and improve the reliability. DMRS detection can be used for detection of gNB’s COT only by UE which has special demands like power saving.
Proposal 1: 	Detection of gNB’s COT by UE can be determined by receiving one PDCCH with a correct CRC. 
2.1 Dynamic PDCCH monitoring for LBE 
For load based equipment (LBE), the gNB’s transmission is unpredictable, so UE should detect gNB’s DL transmission by dynamic PDCCH monitoring. From time domain perspective, three phases for PDCCH monitoring are identified:
· Phase A: outside of gNB’s COT
· Phase B: beginning of gNB’s COT
· Phase C: remainder of gNB’s COT 
In our view, UE’s behaviour for PDCCH monitoring effort in each phase and how UE determines the phase change could be:
· PDCCH monitoring effort in Phase A: mini-slot level PDCCH monitoring
· PDCCH monitoring effort in Phase B: mini-slot level PDCCH monitoring
· PDCCH monitoring effort in Phase C: slot level PDCCH monitoring
· UE transition from Phase A to Phase B: receiving 1) at least one PDCCH for normal UE; 2) wideband DM-RS in CORESET for UE with special requirements 
· UE transition from Phase B to Phase C: phase B up to the first slot boundary of a COT, Phase C after that slot boundary
· UE transition from Phase C to Phase A: end indication in a GC-PDCCH
Although three phases are identified from gNB side, UE should have two PDCCH monitoring behaviours: one is mini-slot level PDCCH monitoring corresponding to Phase A and Phase B at gNB side, the other is slot level PDCCH monitoring corresponding to Phase C at gNB side. 
From frequency domain perspective, two phases for PDCCH monitoring can be considered: 
· Phase A’: outside of gNB’s COT/Without succeeded LBT subbands indication  
· Phase B’: inside of gNB’s COT/With succeeded LBT subbands indication
Similarly, UE’s behaviour for PDCCH monitoring effort in each phase and how UE determines the phase change could be:
· PDCCH monitoring effort in Phase A’: monitoring CORESET in configured LBT subbands
· PDCCH monitoring effort in Phase B’: monitoring CORESET in transmitted LBT subbands
· UE transition from Phase A’ to Phase B’: explicit indication of gNB’s LBT outcome
· UE transition from Phase B’ to Phase A’: end indication in a GC-PDCCH
Proposal 2: 	PDCCH monitoring efforts from time domain perspective and that from frequency domain perspective should be considered independently.
It should be noted that there could be misunderstanding of Phase A, Phase B and Phase C between gNB and UE, as shown in Figure 1. In Figure 1, transition from Phase A to Phase B based on gNB initiated a channel occupancy time at gNB side, while from UE side, transition from Phase A to Phase B based on receiving at least one PDCCH.


Figure 1: Misunderstanding of Phase A, Phase B and Phase C between gNB and UE 
To avoid the possible miss detection of PDCCH candidates, behaviour transition from Phase A/B to Phase C should be transparent to UE for PDCCH monitoring. So PDCCH monitoring behaviour for Phase C should be the subset of PDCCH monitoring behaviour for Phase A/B.
Proposal 3: 	PDCCH monitoring behaviour for Phase C should be the subset of PDCCH monitoring behaviour for Phase A/B.
2.2 PDCCH monitoring for FBE 
For frame based equipment (FBE), the gNB’s transmission is predictable. If GC-PDCCH carrying structure indication is configured, the search space for structure indication transmission could be configured with an offset to the starting point of the fixed frame period, so that gNB can have enough processing time to prepare the frequency domain indication. Figure 2 gives an example of this case.


Figure 2: PDCCH monitoring for FBE
UE should assume the offset duration between the starting point of the fixed frame period and the slot used for GC-PDCCH transmission is DL resource. In addition, if no DL signals/channels are detected within the offset duration and GC-PDCCH carrying structure indication is not detected for one fixed frame period, the UE could stop the remaining PDCCH monitoring of this fixed frame period.
Proposal 4: 	Search space for structure indication transmission could be configured with an offset to the starting point of the fixed frame period so that gNB can have enough processing time to prepare the frequency domain indication.
COT structure indication
Wideband DMRS can be used to notice power saving UE that a COT is started. It may benefit UE’s power consumption and some related mechanisms can be discussed. For example, a UE can try to detect the wideband DMRS by using a configuration with short periodicity. If the UE has detected a wideband DMRS, then it knows a COT is started and starts to monitor PDCCH by using a configuration with long periodicity. In addition, wideband DMRS can be configured with short periodicity at the beginning of a COT, if a UE missed the first wideband DMRS, it may detect the second one and the rest parts of the COT can be utilized.
Besides, a COT indication is used to notice UE the structure of the COT, e.g. the available LBT subbands, the UL/DL configuration, the DL end indication, rate matching related information. If a UE missed the COT indication, the UE can’t know the end of the COT, the frame structure of the COT and where the rate matching resources are. So, introducing more than one COT indications within a COT may be necessary as well.
Proposal 5: 	Introduce more than one COT indications within a COT can be considered.  
DMRS design
In NR, during the initial access procedure, an UE needs to decode several channels, such as the PBCH, PDCCH for RMSI, PDSCH for RMSI, RACH related PDCCH and PDSCH. While decoding a channel, the UE needs to obtain the associated DMRS to estimate the channel. In Rel-15, each channel has its own DMRS design with different time/frequency domain resources and sequences.
In NR-U, basic DL channels for initial access are defined in a DRS. Based on this assumption and consider the QCL relationship, the initial access related channels within a DRS can share a set of DMRS, e.g. the DMRS in PBCH can also be used as a part of the DMRS for RMSI PDSCH. 
Proposal 6: 	DMRS sharing among channels within DRS should be considered in NR-U.
Conclusions
In this contribution, discussions related to DL signals and channels which including UE detection of gNB’s COT for LBE and FBE scenarios, COT structure indication, and DMRS design are provided. The following proposals are made.
Proposal 1: 	Detection of gNB’s COT by UE can be determined by receiving one PDCCH with a correct CRC. 
Proposal 2: 	PDCCH monitoring efforts from time domain perspective and that from frequency domain perspective should be considered independently. 
Proposal 3: 	PDCCH monitoring behaviour for Phase C should be the subset of PDCCH monitoring behaviour for Phase A/B.
Proposal 4: 	Search space for structure indication transmission could be configured with an offset to the starting point of the fixed frame period so that gNB can have enough processing time to prepare the frequency domain indication.  
Proposal 5: 	Introduce more than one COT indications within a COT can be considered.
Proposal 6: 	DMRS sharing among channels within DRS should be considered in NR-U.
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