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1 Introduction

In RAN4#91, a Way Forward on NR-U RRM was agreed in [1].
In this contribution, we discuss RSSI and channel occupancy measurements for NR-U. The related agreements in other groups are listed below.

RAN1#96:

· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported

RAN2#106:
· RSSI CO measurements are not used in Idle or Inactive in this release

· RSSI and CO measurement quantities can be reported with existing triggers as in LAA

· The reporting for RSSI and Channel Occupancy (CO) for NR-U is an optional UE capability as in LTE LAA

RAN2#015-Bis:
· RSSI and Channel Occupancy configuration and reporting, in particular measurements over an interval (at least for CO) and periodical reporting, are used as a baseline for NR-U

2 UE RSSI and Channel Occupancy Measurements in LAA vs. NR-U
In LTE, E-UTRA Received Signal Strength Indicator (RSSI)  measurements were introduced for LAA and defined as the linear average of the total received power (in Watt) observed only in the configured OFDM symbols and in the measurement bandwidth over N resource blocks, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Namely, the RSSI is configured (according to TS 36.331) by means of the following IE in MeasObjectEUTRA: rmtc-Period, rmtc-SubframeOffset, and measDuration, as shown below, so the UE performs RSSI measurements during measDuration only within RMTC occasions. 
RMTC-Config-r13 ::=
CHOICE {


release







NULL,


setup







SEQUENCE {



rmtc-Period-r13




ENUMERATED {ms40, ms80, ms160, ms320, ms640},



rmtc-SubframeOffset-r13


INTEGER(0..639)




OPTIONAL,

-- Need ON



measDuration-r13



ENUMERATED {sym1, sym14, sym28, sym42, sym70},



...


}

}

One potential problem with RSSI and channel occupancy is that if the bandwidth is not clearly defined, preferably configured by the network to allow for some flexibility, there can be different UE implementations reporting the measurements based on different bandwidths. 
· Observation 1: The UE needs to be aware of the RSSI and channel occupancy bandwidth, which should preferably be configurable.
Configuring the bandwidth in number of RBs requires the UE to also know the SCS which may vary by slots and among cells on the same carrier frequency. A similar problem is with the measurement duration, which is in LTE defined in number of symbols but the symbol length depends on SCS. So, a reference SCS for RSSI and channel occupancy measurements needs to be pre-defined or configured by the network. Alternatively, the measurement duration values may be defined, e.g., as fractions and multiples of a subframe, while the bandwidth values may be 5 MHz, 10 MHz, 20, MHz, etc. One should also note that the RSSI measurement by itself is the energy measurement which should not be strictly linked to any specific SCS configuration.
· Observation 2: Configuring the measurement duration and bandwidth shall be independent of the SCS used in the measurement resources, e.g., as fractions or multiples of a subframe and in MHz, respectively, or configured with respect to a reference SCS which may be different from the SCS of the measurement resources.
There can be carrier frequencies or parts of the spectrum without SSB configured. Furthermore, there should also be flexibility with respect to where to configure RSSI and channel occupancy measurements in time domain, to enable more efficient resource utilization in the entire system.
· Observation 3: RSSI and channel occupancy measurement resources shall not be limited to SSB time resources or SSB frequencies.
Another question that arises is that what is the reporting quantity for RSSI measurements and channel occupancy. Different options exist, e.g.,
· Option 1: UE reports the measured value, e.g., in dBm (like in LTE)
· Option 2: UE reports a normalized measured value independent on SCS, e.g., dBm per MHz

· Option 3: UE reports a normalized measured value based on SCS, e.g., dBm per SCS or per RB

Options 1 and 2 do not require knowing or configuring SCS for RSSI and channel occupancy measurements, while Option 3 has this dependency.
· Observation 4: Out of the options below, Option 1 (same in LTE) may be used, provided the measured bandwidth is known to the network:
· Option 1: UE reports the measured value, e.g., in dBm (like in LTE),
· Option 2: UE reports a normalized measured value independent on SCS, e.g., dBm per MHz,
· Option 3: UE reports a normalized measured value based on SCS, e.g., dBm per SCS or per RB.
3 Summary

The following have been observed in this contribution:
· Observation 1: The UE needs to be aware of the RSSI and channel occupancy bandwidth, which should preferably be configurable.

· Observation 2: Configuring the measurement duration and bandwidth shall be independent of the SCS used in the measurement resources, e.g., as fractions or multiples of a subframe and in MHz, respectively, or configured with respect to a reference SCS which may be different from the SCS of the measurement resources.

· Observation 3: RSSI and channel occupancy measurement resources shall not be limited to SSB time resources or SSB frequencies.
· Observation 4: Out of the options below, Option 1 (same in LTE) may be used, provided the measured bandwidth is known to the network:

· Option 1: UE reports the measured value, e.g., in dBm (like in LTE),
· Option 2: UE reports a normalized measured value independent on SCS, e.g., dBm per MHz,
· Option 3: UE reports a normalized measured value based on SCS, e.g., dBm per SCS or per RB.

Based on the observations above, a draft LS to RAN1/RAN2 is provided in [2].
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