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1. Introduction
At the RAN1#96bis meeting, DL signals and channels for NR-U were discussed and following agreements were made [1].
	Agreement:
Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions.


In this contribution, we discuss on the DL signals and channels for NR-U, including PDSCH transmission at the beginning of DL transmission burst, dynamic PDCCH monitoring, DL burst detection, and COT structure indication. 

2. PDSCH transmission at the beginning of DL transmission burst
According to the agreement in the RAN1#96bis meeting, remaining issue relating to PDSCH transmission at the beginning of the transmission burst is whether PDSCH mapping type B with duration other than 2/4/7 symbols is supported or not. 
Basically, we think that it has a certain impact to support any duration of PDSCH mapping type B. On the other hands, if the radio resource can be used more efficiently, it is beneficial to support at least several necessary durations in addition to 2, 4, 7 symbols for NR-U. Considering a situation in which gNB firstly transmits 4 symbol PDSCH, and then the next PDSCH is transmitted to fill the remaining duration of the slot while UE monitors PDCCH in every 2 symbols within a slot as in the example shown in Figure 1, support of additional 6 and 9 symbols PDSCH seems efficient to use the time domain resource without any loss. In the Figure 1, CORESET is denoted by ‘C’. PDSCH length is denoted by ‘L’, where ‘*’ denotes use of rate-matching around CORESET. The transmission burst starting symbol is denoted by ‘S’ and DMRS symbol is denoted by ‘D’. The DMRS belongs to PDSCH allocation. In this situation, we assume the minimum monitoring periodicity in the partial slot at the beginning of the transmission burst is 2 symbols duration because PDCCH monitoring at every symbol is too frequent and that makes UE’s power consumption large. 
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Figure 1: PDSCH transmission in partial slots (situation 1)

Additionally, Figure 2 shows the example in which gNB prepares next PDSCH during 6 symbol PDSCH transmission at the beginning of the transmission burst. In this situation, only a PDSCH mapping type B whose duration is 6 symbols is necessary to be support in addition to Rel-15 NR.

[image: ]
Figure 2: PDSCH transmission in partial slots (situation 2)


In summary, if additional duration(s) of PDSCH is(are) supported, 6/9 or only 6 symbols duration of PDSCH mapping type B are/is supported for NR-U operation. Only few additions to NR Rel-15 can suppress the impact to implementation and specification.

Proposal 1: PDSCH mapping type B with durations 6/9 or 6, is supported for NR-U operation.

3. Dynamic PDCCH monitoring
At the last RAN1 meeting, dynamic PDCCH monitoring mechanism was discussed but RAN1 didn’t make any agreement [3]. 
Dynamic PDCCH monitoring mechanism consisting of following three monitoring phases seems good to reduce UE effort on PDCCH monitoring for NR-U serving cell.
· Phase A: no PDCCH monitoring phase
· Phase B: mini-slot PDCCH monitoring phase
· Phase C: normal slot PDCCH monitoring phase

In Phase A such as outside serving gNB’s transmission burst, UE doesn’t need to monitor PDCCH while UE needs to monitors at least DMRS of GC-PDCCH. UE determines the transition from Phase A to B by detecting DL burst of serving gNB based on DMRS of GC-PDCCH and/or GC-PDCCH. If the number of DMRS hypotheses is one or only few, the UE effort of the DMRS monitoring can be suppressed. This phase can be assumed only when gNB ensures that the DMRS with GC-PDCCH is transmitted at the beginning of the burst. In other words, if transmission of GC-PDCCH and DMRS at the beginning of the burst is not mandatory for gNB in NR-U operation, UE may omit Phase A and may need to monitor PDCCH even outside serving gNB’s burst. Therefore, gNB needs to inform UE about the selected operation in which GC-PDCCH at the beginning of the burst is transmitted or not by using RRC message.
Phase B is used during slot period in which DMRS of GC-PDCCH is detected, i.e., first (partial) slot of the serving gNB’s burst. In this phase, UE monitors DMRS(s) of PDCCH and PDCCH at beginning of every mini-slot until next slot boundary. Phase B duration can be recognized by UE itself. If gNB selects the operation in which GC-PDCCH at the beginning of the burst isn’t transmitted, UE perform this phase B monitoring until UE detects the PDCCH assuming partial slot transmission even outside of the burst. Monitoring periodicity is configured by using search space RRC message. 
After Phase B, i.e., from the second slot of the serving gNB’s burst, UE switches monitoring phase to Phase C in which UE monitors PDCCH according to search space configuration as in Rel-15 NR.

Proposal 2: Multiple search spaces with different monitoring periodicities are configured to UE and UE switches the search space to monitor according to the detection status of serving gNB burst.

Proposal 3: gNB informs UE whether GC-PDCCH indicating gNB’s burst structure is transmitted or not.

4. DL burst detection for power saving
At the RAN1 #NR-AH1901 meeting, it was agreed that DMRS in [PDCCH or GC-PDCCH] transmission can be used to detect transmission bursts from the serving gNB. But information delivered by DMRS and/or [PDCCH or GC-PDCCH] payload is not clear. 
Regarding the information carried by DMRS and/or [PDCCH or GC-PDCCH] payload for the burst detection, it seems useful that UEs connecting to other serving cell(s) or surrounding gNBs can recognize the COT duration which is included in GC-PDCCH payload so that it can cancel LBT, DMRS/PDCCH monitoring and/or transmission which may cause interference as shown in Figure 3. In order to practice this operation, one of the solutions is that surrounding gNBs exchange the information of DMRS sequence seed and RNTI for GC-PDCCH so that gNBs inform the information to served UEs to monitor DMRS/GC-PDCCH of surrounding gNBs. 
Proposal 4: UEs can cancel LBT, DMRS/PDCCH monitoring and/or transmission during COT duration of surrounding gNB’s transmission when the UE recognize the presence of the surrounding gNB’s transmission and its COT duration based on detected GC-PDCCH of the surrounding gNB. 
· [bookmark: _GoBack]DMRS sequence seed and RNTI are exchanged between surrounding gNBs and are indicated to UE by its serving gNB.
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Figure 3: Cancellation of transmission and monitoring when UE detects other serving gNB’s COT information

5. COT structure indication
As some companies pointed out, SFI in DCI format 2_0 in Rel-15 NR which includes slot format information is a good candidate for indicating COT structure [3]. 
In Rel-15 NR, configuration of DL/UL/FL structure which is already indicated by gNB can be reiterate in following SFIs and UEs expects the SFI is not updated for same slot. In unlicensed band, there can be uncontrollable coexisting systems, and channel environment can vary rapidly comparing to licensed band. Therefore, it may be beneficial to allow updating of slot format(s) which is already indicated by previous DCI in NR-U.  
Additionally, it is beneficial to inform UE about the COT end timing to switch UE’s monitoring behavior as discussed in previous section. We propose the mechanism in which UE can recognize the end of COT by using the number of slot formats which is indicated by DCI format 2_0. An example of the proposal is shown in Figure 4. In this example, a combination of four slot formats is informed in every slot in front part of the transmission burst. When the end of the COT is approaching, the number of slot formats in the slot format combination indicated via DCI format 2_0 is reduced to less than 4. Then, UE can detect the COT end by comparing the number of the slot formats in the slot format combination indicated by previous DCI and that indicated by received DCI without additional signaling. In order to perform this mechanism, slot format combinations with different number of slot formats needs to be configured. 
For the proposed mechanism, as shown in Figure 4, slot format for a slot is indicated multiple times by using DCI format 2_0 in different timings. In Rel-15 NR, such multiple indications of slot format for a slot shall be consistent, i.e., indicated slot format cannot be updated later. On the other hand, in NR-U, updating indicated slot format by using DCI format 2_0 later may be beneficial for efficient use of resource within a COT duration according to e.g., A/N on data sent in front part of the burst, CTS message presence and so on. 

Proposal 5: COT structure is indicated by using SFI in DCI format 2_0.
· COT end timing can be implicitly indicated by using the number of slot formats in indicated slot format combination in DCI format 2_0.

Proposal 6: Whether the indicated COT structure can be updated later or not should be discussed.


[image: ]    
Figure 4: COT end detection with using slot format set ID indication

6. Conclusion
In this contribution, we discussed on the DL signals and channels for NR-U. Based on the discussion, we made following proposals.
Proposal 1: PDSCH mapping type B with durations 6/9 or 6, is supported for NR-U operation.

Proposal 2: Multiple search spaces with different monitoring periodicities are configured to UE and UE switches the search space to monitor according to the detection status of serving gNB burst.

Proposal 3: gNB informs UE whether GC-PDCCH indicating gNB’s burst structure is transmitted or not.

Proposal 4: UEs can cancel LBT, DMRS/PDCCH monitoring and/or transmission during COT duration of surrounding gNB’s transmission when the UE recognize the presence of the surrounding gNB’s transmission and its COT duration based on detected GC-PDCCH of the surrounding gNB. 
· DMRS sequence seed and RNTI are exchanged between surrounding gNBs and are indicated to UE by its serving gNB.

Proposal 5: COT structure is indicated by using SFI in DCI format 2_0.
· COT end timing can be implicitly indicated by using the number of slot formats in indicated slot format combination in DCI format 2_0.

Proposal 6: Whether the indicated COT structure can be updated later or not should be discussed.
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