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Introduction
In the RAN1 NR-AH1901 meeting, the following agreement was made [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 discuss the design of DL signals and channels for unlicensed NR. This contribution is a revision of R1-1904249.

Discussion
Dynamic PDCCH monitoring
A Load-Based Equipment (LBE) device has to transmit any signal immediately after LBT has succeeded, while NR is a slot-based system. Considering channel utilization efficiency on the unlicensed band, it would be desirable to minimize the use of reservation signals used only for occupying the channel. In principle, NR-U should be designed such that PDSCH is efficiently transmitted on any initial partial slot. Non-slot-based PDSCH transmission was supported in Rel-15 NR, which should be reused for NR-U. However, requiring that the UE always monitors PDCCH for non-slot-based PDSCH scheduling causes high power consumption for UE due to frequent monitoring. Therefore, dynamic switching of PDCCH monitoring periodicity should be considered in NR-U. 
Proposal 1: Dynamic switching of PDCCH monitoring periodicity should be supported in NR-U.
Next, mechanisms for how to switch PDCCH monitoring periodicity needs to be considered. As per the feature lead’s summary [2], we can consider UE behavior at each of three phases. Figure 1 illustrates UE PDCCH monitoring functionality during the three phases.
Phase A: a slot outside gNB’s COT
In this phase, UE assume thats there is no downlink resource provided from serving cell. To detect the beginning of COT with low power consumption, the UE attempts to detect a signal for the purposes of power saving. If the UE succeeds in detecting the signal, then the UE can recognize when the gNB’s COT starts and then UE behavior transits from phase A to phase B. According to the agreement at NR-AH1901 meeting [1], the signal for the purpose of power saving would be DMRS of [PDCCH / GC-PDCCH] and/or a preamble.
In addition, just in case the UE misses detection of the signal for the power saving purpose, the UE attempts to decode GC-PDCCH in the slot-based scheduling search space. If the GC-PDCCH is successfully decoded, UE can acquire information of the COT structure and then UE behavior transits from phase A to phase C since the slot where the GC-PDCCH is decoded is not an initial partial slot.
Phase B: an initial partial slot of gNB’s COT
This phase B starts after detecting the COT starting point. In this phase, the UE assumes that the duration from the COT starting point to the next slot boundary is an initial partial slot. The UE attempts to decode PDCCH for non-slot-based PDSCH scheduling. If time reaches the next slot boundary, UE behavior transits from phase B to phase C.
Phase C: a slot inside gNB’s COT other than the initial partial slot
In this phase, the UE attempts to decode both GC-PDCCH and PDCCH. However, since requiring that the UE always monitors PDCCH for non-slot-based PDSCH scheduling causes high power consumption for the UE due to frequent monitoring, the UE does not need to attempt to decode PDCCH in a non-slot-based scheduling search space for initial partial slot utilization. It is noted that the UE can attempt to decode PDCCH in a non-slot-based scheduling search space if it is configured for purposes other than initial partial slot utilization. If time reaches the end of COT indicated on this slot or the previous slot, or if neither a PDCCH is decoded nor a signal from serving cell is detected at the beginning of slot, UE behavior transits from phase C to phase A.
Proposal 2: The following UE behavior should be supported.
· For a slot outside gNB’s COT (Phase A), the UE both attempts to detect a signal for power saving purposes on occasions where the signal is potentially transmitted and attempts to decode GC-PDCCH in the slot-based scheduling search space.
· For an initial slot in the gNB’s COT (Phase B), the UE attempts to decode PDCCH in a non-slot-based scheduling search space.
· For a slot inside the gNB’s COT other than the initial slot (Phase C), the UE attempts to decode GC-PDCCH and PDCCH in the slot-based scheduling search space.
· If configured, the UE can attempt to decode PDCCH in the non-slot-based scheduling search space.
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Figure 1: Dynamic switching of PDCCH monitoring periodicity depending on slot type

COT structure indication
Like LTE-LAA, information of time-domain COT indication including direction (DL, UL or flexible) and COT length are useful for many purposes (e.g. relaxing PDCCH monitoring, improving accuracy of channel measurement, reducing Tx/Rx process complexity, skipping channel sensing, and so on). Considering indication reliability, explicit COT indication should be introduced, which is delivered via GC-PDCCH. In addition, if wideband operation is allowed, frequency domain COT structure indication is also useful. Furthermore, the signal for the purpose of power saving discussed in the above section could be used for DL indication at least for initial partial slot. Also, if UE can detect a part of DRS, the UE can recognize at least this slot will be occupied by DRS. The UE can assume that when the signal and/or DRS is detected, the channel will be occupied as DL during a duration from the detection point to the next slot boundary (when detecting the signal or DRS with one-slot structure) or the next half-slot boundary (when detecting DRS with half-slot structure), as shown in Figure 2.
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Figure 2: Time domain COT structure indication.
Proposal 3:  Both implicit COT indication and explicit COT indication should be considered in NR-U.
· Implicit COT indication: Once UE detects a signal for the power saving purpose or DRS, UE assumes that a duration from the detection point to the next boundary of slot is DL.
· Explicit COT indication: Direction (DL, UL, or flexible), COT length, and potentially information related to occupied bandwidth is indicated to UE by GC-PDCCH.

Conclusions
In this contribution, based on the above discussion we have the following proposals and observation:
Proposal 1: Dynamic switching of PDCCH monitoring periodicity should be supported in NR-U.
Proposal 2: The following UE behavior should be supported.
· For a slot outside gNB’s COT (Phase A), the UE both attempts to detect a signal for power saving purposes on occasions where the signal is potentially transmitted and attempts to decode GC-PDCCH in the slot-based scheduling search space.
· For an initial slot in the gNB’s COT (Phase B), the UE attempts to decode PDCCH in a non-slot-based scheduling search space.
· For a slot inside the gNB’s COT other than the initial slot (Phase C), the UE attempts to decode GC-PDCCH and PDCCH in the slot-based scheduling search space.
· If configured, the UE can attempt to decode PDCCH in the non-slot-based scheduling search space.
Proposal 3:  Both implicit COT indication and explicit COT indication should be considered in NR-U.
· Implicit COT indication: Once UE detects a signal for the power saving purpose or DRS, UE assumes that a duration from the detection point to the next boundary of slot is DL.
· Explicit COT indication: Direction (DL, UL, or flexible), COT length, and potentially information related to occupied bandwidth is indicated to UE by GC-PDCCH.
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