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Introduction 
In RAN1 #92, the study on NR-based access to unlicensed spectrum has started with the following objectives [1]: 
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier.

In this contribution, potential enhancement to NR DL signals and channels are discussed. In particular, the following aspects are addressed: 
· Discovery reference signal
· Mechanism for UE power saving regarding PDCCH monitoring
· CORESET configuration in a wideband carrier 
Discovery reference signal
In unlicensed spectrum, there is no transmission if there is no data. However, certain signals need to be reliably and periodically transmitted for RRM and synchronization. This had been the motivation behind the introduction of discovery reference signal (DRS) for LTE LAA in Rel-13. 
· The following lists attributes of Rel-13 LTE DRS for LAA:
· LAA DRS is based on Rel-12 DRS for frame structure (FS) type 1. The DRS spans symbols 0-11 in a subframe and contains PSS/SSS, CRS, and NZP-CSI-RS in symbols 9&10, if configured.
· DRS without PDSCH may be transmitted in one of different time positions within DMTC.
· DRS can be multiplexed with (E)PDCCH/PDSCH in subframes 0&5.
· Due to floating DRS transmission positions, new SSS/CRS generation method was adopted to enable PSS/SSS transmission in subframes other than 0&5:
· SSS transmitted in subframes 0-4 reuses Rel-12 SSS generated for subframe 0, while SSS transmitted in subframes 5-9 reuses Rel-12 SSS generated for subframe 5.
· Subframe index for generating CRS follows SSS generation, to reduce complexity at UE for CRS detection.
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Figure. 1 LTE Rel-13 discovery reference signal for LAA 

With the same motivation of the LTE DRS for LAA, it can be considered to introduce DRS for NR-unlicensed (additionally considering standalone NR-unlicensed operation). Similar to LTE DRS, the DRS for NR-unlicensed can include at least SSB (PSS/SSS/PBCH) and CSI-RS and other reference signals (e.g., TRS may be part of CSI-RS), if configured that are bundled and assigned a common priority.
Additionally, it can be considered to introduce a concept similar to DMTC window to allow shifted DRS transmission within the window. The motivation is to increase the chance of DRS transmission as it will/should be subject to LBT before transmission. If the possible DRS transmission occasion is limited to a single Tx opportunity, then the DRS transmission has to be delayed to the next occasion, if LBT fails which is especially limiting for large DRS periodicities.
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Figure. 2 Illustration of the DRS window concept
Proposal 1: It is proposed to study possible introduction of discovery reference signal (DRS) for NR-unlicensed and mechanisms to enhance the reliability of the DRS transmission. 
Mechanism for UE power saving 
In NR-unlicensed, it is preferable to have shorter TTI for many reasons; to better coexist with Wi-Fi with finer granularity in time in accessing the medium and fast turnaround, etc. There are two ways to shorten the TTI: 1) increase the sub-carrier spacing, and 2) utilize non-slot based scheduling. 
An increased transmission granularity in time implies, in turn, an increased PDCCH monitoring overhead. That is, a UE is required to monitor the PDCCH more often than longer TTI case. In this section, we discuss possible options to reduce the UE PDCCH monitoring overhead and thereby, reducing UE power consumption, while allowing shorter TTI operation of NR-unlicensed. 
PDCCH monitoring window concept 
The PDCCH monitoring window concept is depicted in Figure 3 below, in which a UE is configured with PDCCH monitoring window in addition to PDCCH monitoring periodicity and occasion, which had been already defined for Rel-15 NR. 



Figure. 3 Illustration of PDCCH monitoring window concept

The motivation of defining a window for PDCCH monitoring is to allow the gNB to transmit certain periodic PDCCHs (potentially with large periodicity) in conjunction with LBT. This allows for PDCCH transmissions that are slightly shifted in time due to LBT and are not perfectly periodic. Increasing the window duration will increase UE power consumption for PDCCH monitoring, but can provide an increased chance of PDCCH transmission. 
Introduction of wake-up signal for NR-unlicensed 
In Rel-15 LTE efeMTC WI, the design of a wake-up signal (WUS) is being conducted. The motivation of WUS is to enable a UE to perform a signal detection with very low hardware complexity (e.g., SSS), before deciding to proceed towards demodulation of PDCCH. The detection of a known sequence can be performed with a simple correlator block which can be separate from NR baseband hardware. With WUS mechanism, if WUS is not detected, or detected but indicating IDLE mode, then the UE can go back to sleep without proceeding to PDCCH decoding. Otherwise, the UE will wake-up and perform PDCCH decoding. The concept of WUS is illustrated in the figure below. 


Figure. 4 Illustration of wake-up signal operation [2]

In unlicensed band operation, due to LBT, there is no guarantee that a gNB can send PDCCH in a configured PDCCH monitoring occasion to a UE due to the LBT. If one considers to increase the PDCCH monitoring occasions by reducing the periodicity, it will result in more frequent attempts to decode PDCCH and increased power consumption. Therefore, with similar motivation as for MTC, the augmentation of WUS can be studied for NR-unlicensed. 
Proposal 2: It is proposed to study a mechanism to increase PDCCH transmission opportunities for NR-unlicensed while minimizing UE power consumption.
CORESET configuration in a wideband carrier 
NR supports wideband operation [3]. Consider that a UE is activated with a BWP that spans over multiple 20 MHz BWs as illustrated in the figure below. Consider that the UE is configured with a CORESET that belongs to one 20 MHz chunk. If the LBT is failed for that corresponding 20 MHz chunk, the UE cannot be scheduled even if the LBT is succeeded for other parts of BW. Such situation is illustrated in the left-hand side figure below. 
Observation 1: If the LBT is failed for bandwidth that contains configured CORESET, a UE cannot be scheduled even if the LBT is succeeded for other parts of the BWP. 
Note that in LTE, there was no such issue regarding PDCCH monitoring since a UE is either self-carrier scheduled, where DCI is sent in each CC, or cross-carrier scheduled by licensed Pcell. In order words, the unit of BW performing LBT and the CC BW are identical. 

[image: ]         [image: ]
  
Figure. 5 NR wideband carrier and multiple frequency domain CORESET configuration

One potential remedy to the above described CORESET blocking issue could be configuring multiple CORESETs in frequency domain as illustrated in the right-hand side figure above. It is also noted that Release 15 NR already supports configuring up to 3 CORESETs in frequency domain that may overlap in time. Thus, the existing mechanism can be utilized to resolve the CORESET blocking issue on a wideband unlicensed carrier. 
Observation 2: One potential remedy to the above described CORESET blocking issue could be configuring multiple CORESETs in frequency domain, which is already supported in Release 15 NR. 
Conclusion
In this contribution, we have discussed necessary enhancements to Rel-15 NR design, which was mainly designed for the use in licensed spectrum, such that the NR can operate in unlicensed spectrum. To be specific, we discussed 1) discovery reference signal for NR-unlicensed for RRM, 2) method to increase PDCCH transmission opportunities while not increasing UE power consumption: PDCCH monitoring window concept vs. wake-up signal (WUS), and 3) CORESET configuration in a wideband carrier to handle CORESET blocking issue due to LBT. After that, the following proposals and observations were made:
[bookmark: _GoBack]Proposal 1: It is proposed to study possible introduction of discovery reference signal (DRS) for NR-unlicensed and mechanisms to enhance the reliability of the DRS transmission.  
Proposal 2: It is proposed to study a mechanism to increase PDCCH transmission opportunities for NR-unlicensed while minimizing UE power consumption. 
Observation 1: If the LBT is failed for bandwidth that contains configured CORESET, a UE cannot be scheduled even if the LBT is succeeded for other parts of the BWP. 
Observation 2: One potential remedy to the above described CORESET blocking issue could be configuring multiple CORESETs in frequency domain, which is already supported in Release 15 NR. 
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