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1	Introduction
In the last RAN4 meeting, the following was agreed regarding RSSI and Channel Occupancy measurements in NR-U  [1][2]:Agreements in RAN4 94e-bis:
· UE shall not normalize RSSI measurements for reporting purpose
· RSSI measurement report mapping in NR-U is defined as: 
[image: ]
· No new measurement gap pattern to be defined for RSSI Measurements in NR-U. No requirement for RMTC with duration larger than 5ms
· RAN4 to define interruption requirements on SCells that are deactivated when RMTC or measurement cycles are long. LTE LAA requirements in clauses 7.8.2.11 and 7.8.2.12 of TS 36.133 can be used as a starting point.

Agreements in RAN4 94e:
· No measurement report mapping is defined for Channel Occupancy measurements in NR-U.
· Measurement reporting requirements are to be specified for periodic RSSI and CO. 
· Note: this agreement can be reviewed in case further agreements are made in RAN2.
· RAN4 to further discuss scheduling restrictions during RSSI/CO measurements
· RAN4 to discuss interruption requirements during RSSI/CO measurements.
· No wideband RSSI and channel occupancy reporting criteria are seen to be needed in Rel-16.


Among the topics that were not agreed last meeting, there are: RSSI measurement and report mapping, RSSI and CO measurement period, RMTC periodicity, RSSI measurement bandwidth and RSSI Measurement bandwidth for accuracy requirements. This document discusses RSSI measurements in NR-U.

2	Discussion
Since RAN4 #91 meeting [2], it has been discussed in RAN4 that received signal strength indicator (RSSI) measurement definition in TS 36.214 for LTE-LAA, defined as a linear average of the power received in the configured OFDM symbols and in the measurement bandwidth with N resource blocks, might lead to the interpretation that the measurement bandwidth for the RSSI measurement is left for UE implementation. 
In order to fix this issue in NR-U, RAN1 has agreed in RAN1#98b, that the RSSI measurement timing configuration (RMTC) includes both time-domain and frequency-domain parameters. Additionally, in RAN1 #99 it was specified that “units other than a single LBT sub-band are not supported in the RMTC configuration”, and that the measurement bandwidth is centered on the provided ARFCN.
	Agreement in RAN1 #98b:
· 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
· [bookmark: _Hlk36541482]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
· 
Agreement in RAN1 #99:
· Units other than a single LBT bandwidth are not supported for RSSI measurement bandwidth configuration
· Measurement ARFCN is also provided for intra-frequency measurements (provision of ARFCN for inter-frequency measurements already agreed earlier)
· The measured bandwidth is centered on the provided ARFCN (for both intra- and inter-frequency). 




 
[bookmark: _Ref40445438]The purpose of the RSSI measurement in unlicensed bands is to support the Channel Occupancy measurement, and to assist the gNB in assessing the interference perceived at the UE.  In unlicensed bands in the 5GHz band, the channel occupancy/vacancy is assessed by comparing the total energy measured within the channel with an energy detection threshold. This threshold is integrated over the channel bandwidth, as in the ETSI BRAN specification [3]. 
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.
Document [4] brings a thorough analysis of different uses in the unlicensed bands, considering wideband and narrowband interference scenarios (and measurement bandwidths). The analysis considers 4 different scenarios (A, B, C and D), which are copied below, for convenience:


Figure 1 - OCB scenarios vs. RSSI Measurement BW (copied from [4]).
Scenario A is a typical usage of unlicensed bands, with 80% occupancy of the channel. In this case, the results from a wideband or narrowband measurement should be similar, considering that the power is properly scaled to the measurement bandwidth. 
Scenario B is an atypical usage of unlicensed bands, but still allowed in the specification. In the reference in document [4], it is observed that: “If a UE performs WB RSSI measurement, it actually dilutes the true RSSI value and underestimates it by a factor of  ~7 dB. On the other hand, a UE that uses NB RSSI measurement (e.g., SSB BW) reports the RSSI results more or less accurately for 15 kHz SCS or under-reports it by a factor of ~ 1.6 dB for 30 kHz SCS assuming it places the measurement BW on the center of the 20 MHz raster”.
We disagree with this observation. The purpose of the RSSI measurement in unlicensed bands is to compare the energy measured from all sources within the channel with a threshold, to determine whether the channel is vacant or not.  The threshold is not used in parts of the channel, but it is integrated within the overall 20 MHz bandwidth [3]. Therefore, the wideband measurement would indeed dilute the true RSSI value, however, for channel access procedures, what is relevant is the RSSI value within the entire 20 MHz channel. This “dilution” might actually mean that the level of interference measured at the UE is lower than the threshold, and that the channel can be considered vacant despite the concentrated interference. The same is valid for scenario C and D, which are common in the IEEE 802.11 ax uplink. It is also worth highlighting that, in case the channel is shared among different users in the uplink, the power measured at the UE might vary depending on the distance and channel conditions for each of these interfering users. Therefore, measuring in a wide or narrowband, might also impact the final result.
[bookmark: _Ref40445487]The purpose of the RSSI measurement in unlicensed bands is to support the channel occupancy measurement. Channel occupancy is determined by comparing the energy measured in the channel, with a channel occupancy threshold. By ETSI regulation, this threshold is integrated in the 20 MHz band.

[bookmark: _Ref40445534]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. It depends on the characteristics of the interference.

The difference between the UE that does a narrowband measurement, and the UE that does a wideband measurement can actually be that one UE will report that the channel might be occupied, whereas the other will report that the channel is vacant, if the threshold is not properly adapted to the measurement bandwidth. In order to make the reports consistent, both UE and gNB need to be aware of the measurement bandwidth.
[bookmark: _Ref40445553]In order for the RSSI measurement to correctly provide support for the channel occupancy measurement, both the UEs and gNBs should be aware of the measurement bandwidth.  
Furthermore, according to the RAN1 agreement in RAN1#99, “Units other than a single LBT bandwidth are not supported for RSSI measurement bandwidth configuration”, this is captured as follows in the following text proposal:
Agreed text proposal in RAN1 100 bis: 
[image: ]
[bookmark: _Ref40445563]The definition of RSSI measurement in TS 38.215 is clear: the RSSI is the linear average of the total received power in W observed only in configured OFDM symbol and in the configured measurement bandwidth corresponding to the channel bandwidth [TS 37.213]. A channel is defined in TS 37.213 as: A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum. In unlicensed bands, the channel access procedure is performed within the LBT sub-bands.
[bookmark: _Ref40445577]The RSSI report is based on the total received power in [W], received in the channel bandwidth, which is defined in RAN1 as the LBT bandwidth. 
[bookmark: _Ref40445599]RAN4 to define the RSSI measurement accuracy requirements based on the LBT bandwidth.
For the intra and inter-frequency measurement definition, it is important to consider the following:
[bookmark: _Ref40445616]The RSSI measurement does not depend on the transmission of any reference signal. Therefore, the definition of intra or inter-frequency measurements should not depend on the configuration of any reference signal. 
Additionally, it is RAN1 understanding that the UE should use the configured SCS in the RMTC for performing the RSSI measurements. Therefore, the SCS should be considered in the definition of the intra-frequency measurement.
[bookmark: _Ref40445625]The SCS in the configuration of the RMTC is used by the UE for performing the measurements.
Furthermore, in RAN1/2 the RSSI measurement was also defined to be confined in an LBT sub-band. Therefore, the case in which the RSSI measurement is partially overlapping with the active bandwidth part is not possible in NR-U.
Therefore, we propose that:
[bookmark: _Ref36470305][bookmark: _Ref40445634]Intra-frequency RSSI measurements in NR-U are defined when the measurement bandwidth is contained within the active BWP and the SCS is the same as the active BWP in the serving cell. Inter-frequency RSSI measurements in NR-U are defined when at least one of these conditions is not satisfied.
[bookmark: _Ref40445656]By the definition in proposal 3, measurement gaps are required for inter-frequency RSSI measurements only.
[bookmark: _Ref40445663][bookmark: _GoBack]Measurement gaps are used only for inter-frequency RSSI measurements.
3	Conclusion
Observation 1: The purpose of the RSSI measurement in unlicensed bands is to support the Channel Occupancy measurement, and to assist the gNB in assessing the interference perceived at the UE.  In unlicensed bands in the 5GHz band, the channel occupancy/vacancy is assessed by comparing the total energy measured within the channel with an energy detection threshold. This threshold is integrated over the channel bandwidth, as in the ETSI BRAN specification [3]. 
Observation 2:The purpose of the RSSI measurement in unlicensed bands is to support the channel occupancy measurement. Channel occupancy is determined by comparing the energy measured in the channel, with a channel occupancy threshold. By ETSI regulation, this threshold is integrated in the 20 MHz band.
Observation 3: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. It depends on the characteristics of the interference.
Observation 4:In order for the RSSI measurement to correctly provide support for the channel occupancy measurement, both the UEs and gNBs should be aware of the measurement bandwidth.
Observation 5:The definition of RSSI measurement in TS 38.215 is clear: the RSSI is the linear average of the total received power in W observed only in configured OFDM symbol and in the configured measurement bandwidth corresponding to the channel bandwidth [TS 37.213]. A channel is defined in TS 37.213 as: A channel refers to a carrier or a part of a carrier consisting of a contiguous set of resource blocks (RBs) on which a channel access procedure is performed in shared spectrum. In unlicensed bands, the channel access procedure is performed within the LBT sub-bands. 
Observation 6:The RSSI measurement does not depend on the transmission of any reference signal. Therefore, the definition of intra or inter-frequency measurements should not depend on the configuration of any reference signal.
Observation 7:The SCS in the configuration of the RMTC is used by the UE for performing the measurements.
Observation 8:By the definition in proposal 3, measurement gaps are required for inter-frequency RSSI measurements only.
Proposal 1:The RSSI report is based on the total received power in [W], received in the channel bandwidth, which is defined in RAN1 as the LBT bandwidth.
Proposal 2:RAN4 to define the RSSI measurement accuracy requirements based on the LBT bandwidth.
Proposal 3:Intra-frequency RSSI measurements in NR-U are defined when the measurement bandwidth is contained within the active BWP and the SCS is the same as the active BWP in the serving cell. Inter-frequency RSSI measurements in NR-U are defined when at least one of these conditions is not satisfied.
Proposal 4: Measurement gaps are used only for inter-frequency RSSI measurements.
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Definition

Received Signal Strength Indicator (RSSI), comprises the linear
average of the total received power (in [W]) observed only in per
configured OFDM symbols and in the eenfigured measurement
bandwidth everMN-numberofreseurce blocks corresponding to EBF the
channel bandwidth [TS 37.213 § 4.0] where the channel has with the
center frequency efconfigured by ARFCN-valueNRARFGN, by the UE
from all sources, including co-channel serving and non-serving cells,
adjacent channel interference, thermal noise etc.

Higher layers configure the ARFCN-valueNR, the reference
numerology, and the-measurement bandwidth, the measurement
duration i.e., ard-which OFDM symbol(s) should be measured by the
UE

For frequency range 1, 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 RSS value shall not be lower than the corresponding
RSSI| of any ofthe individual receiver branches.

[Applicable for

RRC_CONNECTED intra-frequency,

RRC _CONNECTED inter-frequenc





