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1 Introduction
The excerpt from 38.889 [1] below provides some background on measurements in Idle and Inactive modes for NR-U.
The UE measurements in Idle/Inactive mode will assume recurring transmissions of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT. The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications.
Transmissions in NR-U are prone to failures due to the channel load in unlicensed spectrum. In this paper we take a closer look at the impact channel load can have on Idle/Inactive mode operation, at how these problems are dealt with in WLAN systems, and the impact these mechanisms can have on the UE’s power consumption.
2 Discussion
2.1 Impact of channel load on Idle and Inactive mode operation
In unlicensed spectrum, a UE might suffer from increased channel load and interference as a result of the operation of other UEs and gNBs in unlicensed spectrum, as well as the presence of other network nodes such as WLANs. The higher channel load can impact Idle and Inactive mode procedures [2], such as paging and tracking/RAN area update. For example, for successful random access in NR-U, the UE needs to successfully complete LBT. Similarly, the UE cannot be paged unless the gNB successfully completes LBT. High channel load and increased channel occupancy, resulting from the operation of WLAN nodes as well as NR-U UEs, can significantly increase the chance of LBT failure, thereby increasing the delay and failure of Idle and Inactive mode procedures.
Observation 1: In unlicensed spectrum, the UE’s performance can suffer as a result of high channel load and interference due to the presence of other devices operating in the same unlicensed spectrum.
As a result, it is important that the operation of UEs in Idle and Inactive modes be enhanced to consider the unlicensed channel load. Idle and Inactive modes have been designed to allow the UE to move to a power saving state during which the UE seldom performs any activity. It is therefore equally important that such channel load measurements also consider the UE’s power consumption.
Proposal 1: Measurements in Idle/Inactive mode will consider channel load in unlicensed spectrum.
Proposal 2: Channel load measurements are designed while considering its impact on power consumption.

[bookmark: _Ref1052944]2.2 WLAN Channel Measurement and Interference Estimation
In NR-U un-licensed channels are likely to be occupied by many different types of wireless nodes. WLANs [3] are one of the most popular and widely-used networks, with IEEE 802.11g/n operating in 2.4 GHz band and IEEE 802.11ac operating in 5 GHz bands. An un-licensed NR-U cell, with very good RSRP but overloaded with WLAN nodes, might not be suitable for the UE to camp on, as the UE might suffer from heavy interference originated from WLAN Access Points (APs). It is therefore useful to be able to determine the WLAN channel load for use in idle mode measurements. 
Some basic WLAN channel characteristics are already included in management frames (e.g. beacons or probe response) broadcast by WLAN APs. At present, UEs with WLAN capabilities already capture these WLAN beacons, which provide the identity of WLAN networks (Service Set Identity or SSID). These beacons additionally provide the WLAN Channel Utilization metric, which an NR-U UE can use as a measure of WLAN channel loads.
Proposal 3: Besides the existing measurement metrics, Idle/Inactive mode measurements in NR-U will use WLAN channel utilization, captured from WLAN management frames. NR-U UE can use this WLAN channel utilization to measure WLAN channel load.

Note that there might be more than one WLAN operating in the same un-licensed frequency. In that case, the WLAN channel utilization metric can be aggregated from the set of WLANs that operate in the same frequency range as the NR-U gNB’s carriers. For example, if a WLAN’s channel utilization metric is higher than a pre-defined threshold, UE will mark the corresponding WLAN’s interference type as “High”; otherwise UE will mark WLAN’s interference as “Low”. The UE can then combine the WLAN interference types (“High” or “low’) to estimate an “Overall WLAN Interference Type” in a specific carrier or channel.  
Channel utilization variations within a paging cycle is of less importance to Idle and Inactive mode UEs that only listen for paging once per paging cycle. In Idle mode, longer term trends of channel occupancy are of a greater interest. If the channel utilization of a cell is observed to be high over a longer period of time, it is clear that the cell is not usable. To that end, it makes sense that a high channel utilization measurement over several paging cycles in a cell leads to reselection triggers to other frequencies.
Proposal 4: Idle/Inactive measurements in NR-U will use long-term channel statistics, over a large period or window, aggregated over several paging cycles.

2.3 Power consumption implications
Channel occupancy, as defined in LTE-LAA, is the percentage of symbols within a reporting interval, for which the measured RSSI is above a configured threshold. Channel occupancy is provided to the network as periodic reports in LTE connected mode, and channel occupancy is measured in the interval between two periodic reports. As continuous monitoring of RSSI on all symbols can be power hungry, measurement windows are defined within a reporting interval for the measurement of RSSI.
The RMTC configuration in LTE [4], defines the measurement windows for RSSI to be between 40 and 640ms apart. While such frequent measurement occasions may be acceptable for connected mode as in LTE unlicensed operation, they are far too frequent for Idle mode operation. An increase in the number of measurements correspond to an increase in the Idle and Inactive mode power consumption of the UE. As can be seen in the RAN1 power model [5], the power consumed for measurements per symbol is the same as the power consumed for PDCCH reception per symbol.
Frequent measurement windows are needed to measure trends that are temporal, i.e. fast changing. As pointed out in Section 2.2, channel occupancy variations within a paging cycle is of less importance to Idle and Inactive mode UEs that only listen for paging once per paging cycle. For Idle and Inactive mode power consumption, the UE should not need to wake up more often than it is required to, i.e. once per paging cycle, for the potential reception of its paging message as well as for its channel occupancy measurements.
Proposal 5: Channel load measurements in Idle/Inactive modes should not exceed one measurement window per paging cycle.
3 Conclusions
In this contribution, we discuss the improvement in idle/inactive mode channel measurement in NR-U by using new WLAN-specific channel measurements. We also provide necessary improvements to resolve UE’s power consumption issues in idle/inactive mode measurements. Our observations and proposals are summarized below:
 
Observation: In unlicensed spectrum, the UE’s performance can suffer as a result of high channel load and interference due to the presence of other devices operating in the same unlicensed spectrum.

Proposal 1: Measurements in Idle/Inactive modes consider channel load in unlicensed spectrum.
Proposal 2: Channel load measurements are designed while considering its impact on power consumption.
[bookmark: _GoBack]Proposal 3: Besides the existing measurement metrics, Idle/Inactive mode measurements in NR-U will use WLAN channel utilization, captured from WLAN management frames. NR-U UE can use this WLAN channel utilization to measure WLAN channel load.
Proposal 4: Idle/Inactive measurements in NR-U will use long-term channel statistics, over a large period or window, aggregated over several paging cycles.
Proposal 5: Channel load measurements in Idle/Inactive mode should not exceed one measurement window per paging cycle.
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