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1	Introduction
Among the detailed objectives of the NR-U work item description, the support of RSSI measurements and reporting, as well as the definition of a metric to measure channel occupancy were identified. Since the WID, the following agreements related to RSSI and channel occupancy (CO) measurements were made in RAN1, RAN2 and RAN4:
RAN1 96
•At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
•FFS: ​
•	Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario​
•	Reporting of a new medium contention/load metric other than channel occupancy​
•	Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum’
RAN1 98 BIS
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA



​


RAN 2 105 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
Measurement and reporting of WLAN nodes are not supported in NR-U
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.



RAN4 91
Agreement: New reporting criteria for RSSI and Channel Occupancy are needed
RAN4 92 BIS, Way Forward:
RSSI and Channel Occupancy
· RAN4 to decide the measurement gap patterns applicable for RSSI and channel occupancy measurements and specify the applicability, considering the further progress in other working groups, e.g.,  on RSSI measurement time configuration periodicities 
· RAN4 to define measurement reporting mapping for RSSI
· FFS whether measurement report mapping is needed for channel occupancy, depending on its definition to be decided by other groups


In this document we discuss the RSSI measurement bandwidth in LTE-LAA and in NR-U.

2	RSSI Measurement Bandwidth in LTE-LAA and NR-U
In RAN4 #91 meeting [1], it was discussed that the current received signal strength indicator (RSSI) measurement definition in TS 36.214, copied below, might lead to the interpretation that the measurement bandwidth for the RSSI measurement is left for UE implementation. In that case, there would be inconsistencies when comparing the RSSI measurements to the channel occupancy threshold, if different UEs are measuring the RSSI in different bandwidths.

Table 1 - RSSI definition in TS 36.214
	Definition
	E-UTRA Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in the configured OFDM symbol and in the measurement bandwidth over N number of resource blocks, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

Higher layers indicate the measurement duration and which OFDM symbol(s) should be measured by the UE.

The reference point for the RSSI shall be the antenna connector of the UE. 

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSSI of any of the individual diversity branches

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



In RAN4 meeting #92bis, a CR was brought proposing a solution for this issue in TS 36.133, by including the following text [4]: 
The RSSI measurement bandwidth assumed in defining the accuracy requirements in Table 9.1.18.5.2-1 is 6 RB. UE may measure according to AllowedMeasBandwidth. UE which measures with a bandwidth other that 6RB shall scale the measured RSSI to report a nominal RSSI equivalent to 6RB measurement.
For NR-U, in last RAN1 meeting, in order to avoid the same problem, it was agreed that among the frequency-domain parameters of the RMTC, the measurement bandwidth is defined at least in units of LBT bandwidth (which is equal to 20 MHz in most regions). However, it is up to RAN4 to determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signalled measurement bandwidth. 
Since the spectrum is used both by LTE-LAA and NR-U, and the purpose of the measurement is the same in both technologies, the discussions below apply to our view about RSSI measurements in both of them.
As mentioned in [1], there are two interpretations of the RSSI measurements implementation.
1) Narrowband measurement: in this case, the measurement bandwidth would comprise part of the resource blocks within a 20 MHz sub-band, the bandwidth of an SSB, for example. This is the solution proposed in [4].
2) Wideband measurement: in this case, the measurement bandwidth would comprise all resource blocks within a sub-band of 20 MHz. 
In order to evaluate whether the measurement bandwidth can be less than the signalled measurement bandwidth it is important to consider the purpose of the measurement. The purpose of the RSSI measurement in unlicensed bands is to assist the gNB in determining the channel occupancy, by assessing the interference level in these channels. 
The unlicensed spectrum is used by different technologies, and access to this spectrum is generally defined by a specific set of rules. In the 5GHz unlicensed spectrum, ETSI regulations in Europe, for example, require that the occupied channel bandwidth (OCB) shall be between 80% and 100% of the nominal channel bandwidth, which is normally 20 MHz [2]. So, initially, assuming that the power is constant within the LBT sub-band, one could consider that under normal conditions, the RSSI measurement, wideband or narrowband, should not result in different outcomes, provided that the measurement is properly scaled to the measurement bandwidth. However, it is important to consider that: 
· The unlicensed spectrum is occupied by different technologies. 
· ETSI allows implementations of lower nominal channel bandwidth with a minimum of 5MHz, observing the nominal centre frequency defined with a 20 MHz channel raster.
· Furthermore, during the channel occupancy time (COT), an equipment may operate, temporarily, with less than 80% of its nominal channel bandwidth with a minimum of 2 MHz, which can potentially impact on the measured RSSI, if a narrowband measurement is considered.
· There is no restriction on the distribution of the power within the Nominal Channel Bandwidth, other than the OCB, therefore, one cannot guarantee that the power is always constant within the Nominal Channel Bandwidth. 
Considering the last bullet, there are indeed technologies that can access this spectrum without occupying the entire Nominal Channel Bandwidth with constant power:
· UL transmissions in NR-U.
· STA transmissions in IEEE 802.11 ax. 
There are no restriction in ETSI about how the power should be distributed within the Nominal Channel Bandwidth, other than the OCB limit. 
There are technologies that can access the unlicensed spectrum without occupying the entire nominal channel bandwidth with constant power.
Additionally, ETSI also specifies rules for assessing whether the channel is occupied or not:
Equipment shall consider a channel to be occupied as long as other RLAN transmissions are detected at a level greater than the ED Threshold Level (TL). The ED Threshold Level (TL) is integrated over the total Nominal Channel Bandwidth of all Operating Channels used by the equipment.
In Europe, the availability of a channel is determined by comparing the energy in the channel to the energy detection threshold, which is integrated over the total nominal channel bandwidth.
Therefore, in order to serve the purpose of the measurement, the RSSI measurement should give an estimate of the interference measured by the UE within the entire nominal channel bandwidth, because that is what is compared to the threshold for channel access. 
For the purpose of determining the channel occupancy, what is compared to the energy detection threshold is the value measured within the total nominal channel bandwidth.  Therefore, for the channel access purpose, it does not matter if the transmissions are concentrated in part of the spectrum, or spread within it, because what is used in the LBT procedure is the total power within the nominal channel bandwidth.
In LTE-LAA the channel bandwidth assumed for RSSI measurements should be the same as the LBT bandwidth.
In NR-U the channel bandwidth assumed for RSSI measurements should be the same as the LBT bandwidth.

3	Conclusion
1. There are no restriction in ETSI about how the power should be distributed within the Nominal Channel Bandwidth, other than the OCB limit. 
There are technologies that can access the unlicensed spectrum without occupying the entire nominal channel bandwidth with constant power.

In Europe, the availability of a channel is determined by comparing the energy in the channel to the energy detection threshold, which is integrated over the total nominal channel bandwidth.

For the purpose of determining the channel occupancy, what is compared to the energy detection threshold is the value measured within the total nominal channel bandwidth.  Therefore, for the channel access purpose, it does not matter if the transmissions are concentrated in part of the spectrum, or spread within it, because what is used in the LBT procedure is the total power within the nominal channel bandwidth.

1. In LTE-LAA the channel bandwidth assumed for RSSI measurements should be the same as the LBT bandwidth.
In NR-U the channel bandwidth assumed for RSSI measurements should be the same as the LBT bandwidth.
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