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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
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



​


2	Discussion
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. 


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


 
The current definition of RSSI in TS 36.214 might lead to the interpretation that the RSSI measurement bandwidth is left for UE implementation.
It is important to clarify the issue to avoid any possibility of mis-interpretation. As mentioned in [1], there are two possibilities of 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.
2) Wideband measurement: in this case, the measurement bandwidth would comprise all resource blocks within a sub-band of 20 MHz. 
 In the 5GHz unlicensed spectrum, ETSI regulations in Europe require that the occupied channel bandwidth shall be between 80% and 100% of the nominal channel bandwidth, which is 20 MHz [2]. So, initially, 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 5GHz 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.
Narrowband RSSI measurements do not necessarily result in the same outcome as wideband RSSI measurements, even when the power is properly scaled to the measurement bandwidth. 
Additionally, the RSSI measurements support the CO measurements in LTE-LAA. CO measurements are defined in 36.331 as a rounded percentage of rssi-Result sample values which are beyond the channelOccupancyThreshold within all the sample values in the reportInterval. Therefore, as also pointed out in [1], if the measurement bandwidth is left for UE implementation, there would be inconsistencies with the comparison of the RSSI values and the channelOccupancyThreshold, which is currently defined in units of dBm.
If the RSSI measurement bandwidth is left for UE implementation, the current definition of channel occupancy threshold in LTE-LAA, in dBm, might not provide correct support to the channel occupancy measurement. 
Given these observations and considering that RAN4 #91 has agreed that the minimum channel bandwidth of NR-U in band 46, herein also referred to as listen-before-talk (LBT) sub-band , is either 20 MHz or 10 MHz (in specific conditions), we propose that the minimum RSSI measurement bandwidth is defined as the number of resource blocks in the LBT sub-band.


In case of UE reported RSSI, and RSSI measurement to support CO measurements, define the minimum RSSI measurement bandwidth and accuracy requirements based on the LBT sub-band bandwidth. 
If proposal 1 is accepted, there is no need to change the channelOccupancyThreshold definition from LTE-LAA. 
If RSSI measurements are defined based on the sub-band bandwidth, reuse the channelOccupancyThreshold definition from LTE-LAA, in units of dBm.
2.1 Wideband operation
In LTE-LAA, the RSSI measurement frequency is defined by the EUTRA ARFCN in by the carrierFreq in the MeasObjectEUTRA information element. In NR-U, the discussion of channel raster and ARFCN is still ongoing, but it is likely that it is defining considering the agreed channel bandwidths, e.g. 20MHz, 40 MHz, 80MHz and 100 MHz.  Even with larger channel bandwidths, channel access and LBT is still done separately in each sub-band of 20 MHz. Tough it would be beneficial to report the RSSI and CO in each sub-band, in RAN#84 [3], it was decided that sub-band reporting of RSSI and CO is an optimization and should be treated in a best-effort manner. Features that support wideband operation, on the other hand, were considered essential in NR-U Rel-16.
In RAN, sub-band reporting of RSSI and CO was classified as an optimization and should be treated in a best-effort manner. 
Since sub-band reporting is classified as an optimization, but wideband channels are already agreed, it is important to define how these measurements will be done by the UE in case of wideband operation. First, it is important to include the measurement bandwidth in the measurement object. 
Since channel bandwidths of more than 20 MHz are allowed in NR-U, but sub-band RSSI reporting is classified as an optimization, it will be important to include the measurement bandwidth in the measurement object. 
In LTE-LAA, the channelOccupancyThreshold is configured in the ReportConfigEutra Information Element, present in the RRC message. In NR-U wideband operation, it is assumed that the gNB knows the measurement capability of a UE aa well as the measurement object configuration and can scale the channelOccupancyThreshold accordingly to the measurement bandwidth. 
In case of wideband operation, the RSSI measurement bandwidth is informed to the UE in the measurement object configuration.
The gNB scales the channelOccupancyThreshold according to the RSSI measurement bandwidth. 
There are, however, some cases to be discussed:
1) Inter-frequency RSSI measurements: these measurements can follow the definitions in LTE-LAA, provided that the measurement bandwidth is informed in the measurement object configuration. In LTE-LAA, inter-frequency RSSI measurements required measurement gaps. The time to measure, for example, discovery signals was impacted by the overlapping, or not, of these gaps with the RMTC occasions. RAN4 should specify the same for NR-U.
 
2) In intra-frequency RSSI measurements the following possibilities can occur:
a. The RSSI measurement bandwidth is completely overlapping with the UE active DL BWP
b. The RSSI measurement bandwidth is partially overlapping with the UE active DL BWP.
c. The RSSI measurement bandwidth does not overlap with the UE active DL BWP. 


If the measurement bandwidth is completely overlapping with the UE active bandwidth part, no measurement gaps or specification of UE behaviour are required, and the UE should be able to support measurement and reporting of RSSI in the active DL bandwidth part. 
The UE should be capable of measure RSSI with a BW corresponding to its active DL BWP.
However, if the RSSI measurement bandwidth is not overlapping with the Active DL BWP, or is only partially overlapping with the measurement BWP, RAN 4 should discuss the UE specific behaviour, or even which cases are to be supported.
RAN 4 to discuss the UE behaviour when the intra-frequency RSSI measurement bandwidth is not completely overlapping with the UE active DL bandwidth part.
3	Conclusion
Observation 1: The current definition of RSSI in TS 36.214 might lead to the interpretation that the RSSI measurement bandwidth is left for UE implementation.
Observation 2: Narrowband RSSI measurements do not necessarily result in the same outcome as wideband RSSI measurements, even when the power is properly scaled to the measurement bandwidth
Observation 3: If the RSSI measurement bandwidth is left for UE implementation, the current definition of channel occupancy threshold in LTE-LAA, in dBm, might not provide correct support to the channel occupancy measurement.
Observation 4: In RAN, sub-band reporting of RSSI and CO was classified as an optimization and should be treated in a best-effort manner. 
Observation 5:  Since channel bandwidths of more than 20 MHz are allowed in NR-U, but sub-band RSSI reporting is classified as an optimization, it will be important to include the measurement bandwidth in the measurement object. 
1. In case of UE reported RSSI, and RSSI measurement to support CO measurements, define the minimum RSSI measurement bandwidth and accuracy requirements based on the LBT sub-band bandwidth. 
1. If RSSI measurements are defined based on the sub-band bandwidth, reuse the channelOccupancyThreshold definition from LTE-LAA, in units of dBm.
1. In case of wideband operation, the RSSI measurement bandwidth is informed to the UE in the measurement object configuration.
1. The gNB scales the channelOccupancyThreshold according to the RSSI measurement bandwidth. 
1. The UE should be capable of measure RSSI with a BW corresponding to its active DL BWP.
1. RAN 4 to discuss the UE behaviour when the intra-frequency RSSI measurement bandwidth is not completely overlapping with the UE active DL bandwidth part.
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