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1. Introduction

In last meeting, the following agreements and working assumptions are achieved for DL signals and channels design in NR-U [1]:
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 

In this contribution, we will have some discussions on the design of DL signals and channels.
2. Discussions 
2.1 Dynamic PDCCH monitoring
PDCCH monitoring is very important for the downlink design of NR-U. In order to fit LBT in unlicensed band, the design of PDCCH search space should be more flexible. If all PDCCH search space is based on RRC configuration, there will be lots of invalid PDCCH monitoring caused by LBT failure. Especially, to ensure the performance in unlicensed band, if only semi-static PDCCH monitoring configuration is used, closer search space configuration is unavoidable, which will in turn deteriorate the UE power saving. Therefore, based on the study for NR-U, it should be allowed to use dynamic change of the time domain instances in which the UE is expected to receive PDCCH.
One good way for dynamic PDCCH monitoring configuration is to use different monitoring type within a gNB’s COT. A finer search space is configured for slots with LBT while a slot level or RRC configured semi-static search space is used for slots without LBT. And different PDCCH monitoring mode is used for the part outside the gNB’s COT.
Proposal 1: PDCCH monitoring in NR-U should be divided into outside of gNB’s COT(Phase A), beginning of gNB’s COT(Phase B), remainder of gNB’s COT(Phase C).
For the PDCCH monitoring outside of gNB’s COT, a combination of preamble/discovery signal detection and PDCCH monitoring should be considered. A preamble/discovery signal should be used as the start of gNB's COT, which will cost less power assumption comparing with PDCCH monitoring. The detection of preamble/discovery should be more frequently to match the uncertainty caused by LBT. The monitoring of PDCCH outside of gNB’s COT could be set with a coarser periodicity for power saving. 

Proposal 2: A joint design should be considered for PDCCH monitoring outside of gNB’s COT and Preamble/discovery signal. 

For PDCCH monitoring within a gNB’s COT, configuration for Phase B could be implicitly configured by the starting points. Once the gNB’s COT is discovered, Phase B PDCCH monitoring is performed across all candidate starting positions in the first slot. And after the first slot in gNB’s COT, Phase C is performed. PDCCH monitoring in Phase C could be per slot based or mini-slot based, which is depending on the service requirements. 

Proposal 3: PDCCH monitoring in Phase B could be bundle to the candidates starting points for the first slot within a gNB’s COT.

Proposal 4: The transition from Phase B to Phase C is before or after the first slot of gNB’s COT.

2.2 PDSCH to support flexible starting point
In SI phase, the following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst. The options are not mutually exclusive [2].

-
Option 1: PDSCH(s) as in Rel-15 NR

-
Option 2: Punctured PDSCH depending on LBT outcome

-
Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols

-
Option 4: PDSCH across slot boundary

For NR PDSCH mapping type B, 2/4/7 symbols time duration are supported. If extra time durations are introduced in NR-U, there might be some extra complexities for UE implement. Besides, based on the simulation results in SI phase, for different SCS configuration, the benefit of supporting extra time duration is limited. Therefore,
Proposal 5: PDSCH mapping type B with durations other than 2/4/7 symbols is not supported in NR-U.
From standardization perspective, some operations should be clarified after LBT successful to match the LBT result when arbitrary length of PDSCH transmission is not supported. There are several ways as followed:
· Punctured PDSCH depending on LBT outcome as option 2. Punctured PDSCH will simplify gNB preparation at the cost of some performance loss. Even though NR support CBG based data transmission, the retransmission process will also lead to extra latency. 
· Limited PDSCH transmission starting point is supported. After LBT successful, some signal could be transmitted to occupy the channel till PDSCH transmission. 
· LBT is performed to match the limited PDSCH starting points. Such limitation to LBT process with cause performance loss when the access channel becomes busy.
· PDSCH across slot boundary as option 4. When PDSCH could across slot boundary, gNB could make flexible PDSCH transmission in the first slot within a COT and will not waste the channel access opportunities after LBT success. However, when PDSCH is cross slot boundary, some adjustments on HARQ time should be specified.
In summary, if PDSCH transmission across slot boundary within a COT could be supported, the length of PDSCH is easy to solve and no extra PDSCH duration needs to be introduced. Otherwise, if PDSCH across slot boundary is not supported, some enhancements on the flexible length signal before PDSCH could be used. Besides, in order to reduce PDCCH monitoring times, limiting PDSCH starting points should be supported for the first slot within a gNB’s COT. Meanwhile, PDSCH puncturing should be avoid to reduce the retransmission possibility. 
Proposal 6: Punctured PDSCH depending on LBT outcome is not proposed. 
2.3 COT structure indication
The benefits of COT indication have been verified in study phase and COT structure indication should be supported as description in NR-U WID. Considering the function of COT, the design of COT indication could use DCI format 2_0 as reference. The max length of a COT(MCOT) is limited by regulation rules, like 5ms. For COT indication, it is not necessary to constraint each COT is equal to the length of MCOT. Then, the length of a COT could be explicit indicated. For the length of COT, a 5ms COT will contain different numbers of slots with different SCS configuration. It is not necessary to support all slot length within a slot and some typical length should be selected to be indicated. Besides, when the SCS is large, the number of slots within a COT is large. Then the indication of each slot will cause large overhead. Therefore, periodicity indication could be used in COT indication. For example, only one periodicity is indicated and other slots within a COT follow the indication with a circulated way. Besides, a COT indication should also inform UE about the gNB monitoring band information to make multi sub-band reception. 
Proposal 7: COT indication could be based on DCI format 2_0 with explicitly COT length indication.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: PDCCH monitoring in NR-U should be divided into outside of gNB’s COT(Phase A), beginning of gNB’s COT(Phase B), remainder of gNB’s COT(Phase C).

Proposal 2: A joint design should be considered for PDCCH monitoring outside of gNB’s COT and Preamble/discovery signal. 

Proposal 3: PDCCH monitoring in Phase B could be bundle to the candidates starting points for the first slot within a gNB’s COT.

Proposal 4: The transition from Phase B to Phase C is before or after the first slot of gNB’s COT.

Proposal 5: PDSCH mapping type B with durations other than 2/4/7 symbols is not supported in NR-U.
Proposal 6: Punctured PDSCH depending on LBT outcome is not proposed. 
Proposal 7: COT indication could be based on DCI format 2_0 with explicitly COT length indication.
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