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Introduction
In RAN4#93 meeting, the following agreement was reached regarding accuracy of legacy measurements [1]:
 Measurement Accuracy for RSRP/RSRQ/SINR/L1-RSRP
· Rel-15 measurement accuracy requirements apply 
· How to address the applicability in the specification should consider the outcome of the email discussion


However, accuracy requirements of RSSI and Channel Occupancy (CO) measurements have not yet been discussed. In this paper, we present our views on this topic and also discuss our view on how to capture the measurement accuracy requirements for RSRP/RSRQ/SINR/L1-RSRP.
RSSI/CO Measurement Accuracy
 Measurement BW
In RAN1#98-Bis, the following agreements were reached:
Agreement:
· 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


In other words, RAN1 has left the actual bandwidth used for measurement of RSSI/CO to RAN4 to decide. In [2], we presented a comprehensive list of arguments detailing why NB measurement BW (i.e., < 20 MHz) results in almost the same or sometimes even better results compared to LBT BW (i.e., 20 MHz) and proposed SSB BW to be used as the basis for defining RSSI/CO measurement accuracy requirements. These arguments are reproduced here again as there was no time to discuss them online in previous meeting. 
It is important to note that using NB (e.g, SSB BW) for RSSI/CO measurement does not mean that such measurements are done on SSB time and frequency resources. RSSI Measurement Timing Configuration (RMTC) configures UE to perform the measurements in the specific time resources and can be configured by the NW to completely skip over SMTC or SSB bursts. 
ETSI BRAN requirements on nominal channel bandwidth and Occupied Channel Bandwidth (OCB) can be found in [3] and are reproduced below:
[bookmark: _Toc477338042][bookmark: _Toc477344979][bookmark: _Toc477345206][bookmark: _Toc477345563][bookmark: _Toc477531201][bookmark: _Toc477531424][bookmark: _Toc477877059][bookmark: _Toc483217073][bookmark: _Toc483308560][bookmark: _Toc483308784][bookmark: OLE_LINK5]4.2.2	Nominal Channel Bandwidth and Occupied Channel Bandwidth
[bookmark: _Toc477338043][bookmark: _Toc477344980][bookmark: _Toc477345207][bookmark: _Toc477345564][bookmark: _Toc477531202][bookmark: _Toc477531425][bookmark: _Toc477877060][bookmark: _Toc483217074][bookmark: _Toc483308561][bookmark: _Toc483308785]4.2.2.1	Definition
The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel.
The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.
When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each power envelope shall be considered separately.
[bookmark: _Toc477338044][bookmark: _Toc477344981][bookmark: _Toc477345208][bookmark: _Toc477345565][bookmark: _Toc477531203][bookmark: _Toc477531426][bookmark: _Toc477877061][bookmark: _Toc483217075][bookmark: _Toc483308562][bookmark: _Toc483308786]4.2.2.2	Limits
The Nominal Channel Bandwidth for a single Operating Channel shall be 20 MHz. 
Alternatively, equipment may implement a lower Nominal Channel Bandwidth with a minimum of 5 MHz, providing they still comply with the Nominal Centre Frequencies defined in clause 4.2.1 (20 MHz raster).
The Occupied Channel Bandwidth shall be between 80 % and 100 % of the Nominal Channel Bandwidth. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement. The Occupied Channel Bandwidth might change with time/payload.
During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz. 


Based on the above excerpt, the following scenarios may occur for the equipment (UE or gNB):
· It implements a nominal channel bandwidth of 20 MHz with OCB of at least 80% (Scenario A in Figure 1)
· It implements a lower nominal channel bandwidth with a minimum of 5 MHz placed on the 20 MHz raster (Scenario B in Figure 1)
· It operates “temporarily” with an OCB of less than 80% of its nominal channel bandwidth with a minimum of 2 MHz. In this scenario, few cases can occur:
· One chunk of 2 MHz is occupied (Scenario C in Figure 1)
· Few chunks of 2/4/8 MHz are FDM’ed by one or more equipments such that OCB is still less than 80% (not shown in Figure 1)
· Few chunks of 2/4/8 MHz are FDM’ed by one or more equipments such that OCB is above 80% (Scenario D in Figure 1)

Observation 1. ETSI BRAN requirements on nominal channel BW and OCB can be summarized as follows:
· The nominal channel BW is 20 MHz and OCB shall be above 80%.
· An equipment may alternatively implement a lower nominal channel BW with a minimum of 5 MHz placed on the 20 MHz rasters.
· An equipment may operate temporarily with an OCB of less than 80% with a minimum of 2 MHz.

Scenario (A) corresponds to typical operation in unlicensed band. Since OCB of at least 80% is met, RSSI measurements with wideband or narrowband result in the similar outcome. This is no different than existing Release 15 measurements (RSRP/RSRQ/SINR) in which UE makes measurements based on SSB BW for the entire BWP. If RSRP (power metric) or RSRQ/SINR (quality metrics) are allowed to be measured in NB to represent UE’s BWP, RSSI (power metric) should be similar. Placement of measurement BW within the OCB should be left to UE implementation, but a logical choice appears to be centered on the 20 MHz raster. 
Scenario (B) corresponds to atypical operation in unlicensed band (e.g,. microphones). Given nominal channel bandwidth of at least 5 MHz, OCB should at least be 4 MHz. 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. Either way, NB RSSI measurement outperforms WB RSSI measurement in scenario (B). 


Figure 1 OCB scenarios vs. RSSI Measurement BW
Scenarios (C) and (D) (and those in between not shown in Figure 1) correspond to WiFi 802.11ax operation in which WiFi Access Point (AP) can allocate a minimum of 2 MHz to a station (STA) using the “temporary” OCB rule. The allocation can also be 4 or 8 MHz. As it is clearly stated in [3], this behavior is temporary and in the long term, OCB rules must be obeyed. In our view, RSSI measurements, configured by NW through RRC configuration, is intended to measure long term behaviors. 
Nonetheless, let us consider scenario (C) from NB vs. WB measurement perspective. A UE that performs NB RSSI measurements may completely miss the temporary 2 MHz allocation and report RSSI corresponding to background noise in the worst case. It can also catch the temporary 2 MHz allocation by luck and report an RSSI estimate much closer to the true value in the best case. In contrast, a UE that does WB RSSI measurement always under-estimates it by a factor of 10 dB. In our opinion, both NB measurements (in case of complete miss) and WB measurements are useless and not much different.  In WiFi 802.11ax, scenario (D) is more realistic as AP shares the available spectrum efficiently with a few STAs by FDM’ing smaller allocations to each. As more STAs are multiplexed (different colors in Figure 1), scenario (D) approaches scenario (B) and then scenario (A) which were already discussed above. 
Observation 2. Comparing WB vs NB RSSI measurement performance in the scenarios outlined in Observation 1 and Figure 1:
· When nominal channel BW is 20 MHz and OCB requirements are met, WB and NB RSSI measurements have similar outcome. NB RSSI measurements should be acceptable analogous to NB measurements of RSRP/RSRQ/SINR.
· When nominal channel BW is 5 MHz, NB RSSI measurements are more accurate than WB RSSI measurements which can under-estimate RSSI by a factor of ~7 dB.
· When OCB requirements are temporarily not met and allocation in 20 MHz spectrum is sparse, both WB and NB RSSI measurements perform poorly. When allocation becomes denser and more efficient, WB and NB RSSI measurements have similar outcome. 

We now turn our attention to RSSI measurement in time resources where other NR-U UEs transmit in UL. The UL transmission in NR-U is based on interlace structure as in eLAA with  interlaces with  PRB per each interlace. For 15 kHz SCS,  and . For 30 kHz SCS,  and . Figure 2 illustrates the interlace structure in these two scenarios with two UE’s of different power levels occupying interlace 0 and 2. 


Figure 2 NR-U UL interlace structure for 15 and 30 kHz SCS

With measurement BW equal to SSB bandwidth (i.e., 20 PRB), an integer number of clusters can be caught in both 15 kHz and 30 kHz SCS scenarios. In 15 kHz SCS, two clusters are measured. In 30 kHz, four clusters are measured. The outcome is similar to wideband measurement except for more averaging of noise in wideband measurement. However, as mentioned above, RSRP/RSRQ/SINR are also measured with narrow bandwidths so it is hard to justify that RSSI measurement would require a higher processing gain.
Observation 3. The outcome of RSSI measurement of NR-U UL transmission with interlace structure is the same as wideband measurement even if measurement is done with SSB bandwidth (20 PRBs) since SSB bandwidth catches an integer number of clusters in both 15 and 30 kHz SCS.   
Hence, for all intents and purposes of RSSI/CO measurements, NB measurements are sufficient and, in some cases, even preferable to WB measurements. We reiterate our proposal from [2]:
Proposal 1. RAN4 to define RSSI measurement accuracy requirements based on SSB BW. 
 RSSI measurement accuracy
LTE LAA RSSI accuracy requirement was defined for absolute intra-frequency and inter-frequency scenarios to be +/- 3.5 dB in normal conditions. In RAN4#77, RSSI accuracy requirements for LTE LAA were discussed. However, there were no simulation assumptions and no simulation effort from companies (See chairman’s meeting notes). The accuracy requirements from WCDMA RSSI which is 4 dB in absolute and normal conditions were mostly reused for LTE LAA. From WCDMA BW of 5 MHz, LTE LAA results were tightened by 0.5 dB in LTE LAA to account for improved UE RF margin (see [4] for an example discussion). 
In NR-U, a more methodical approach is needed although LTE LAA accuracy requirements can be used as a starting point. It is proposed to define accuracy requirements based on 1-symbol measurement duration with no L3 filtering. 
Proposal 2. RAN4 to define RSSI accuracy requirements based on 1-sumbol measurement duration with no L3 filtering. 
 CO measurement accuracy
The CO measurement accuracy requirements in LTE LAA are captured in clause 9.1.18.6 of TS 36.133 and are closely tied to RSSI measurement accuracy requirements. In our view, the same methodology and requirement specification can be used for NR-U. 
More concretely, UE shall be able to correctly evaluate the intra-frequency and inter-frequency CO provided that the following conditions are met:
· All symbols during each RSSI measurement duration are available for RSSI sampling within the same reporting interval,
· RSSI at the UE receiver meets the following conditions with respect to the configured channelOccupancyThreshold:
· RSSI at the receiver is below channelOccupancyThreshold – ΔRSSI-intra for intra-frequency RSSI measurements and channelOccupancyThreshold – ΔRSSI-inter for inter-frequency RSSI measurements, or
· RSSI at the receiver is above channelOccupancyThreshold + ΔRSSI-intra for intra-frequency RSSI measurements and channelOccupancyThreshold + ΔRSSI-inter for inter-frequency RSSI measurements

Where ΔRSSI-intra and ΔRSSI-inter are intra-frequency and inter-frequency RSSI measurement accuracy requirements. 
Proposal 3. UE shall be able to correctly evaluate the intra-frequency and inter-frequency CO provided that the following conditions are met:
· All symbols during each RSSI measurement duration are available for RSSI sampling within the same reporting interval,
· RSSI at the UE receiver meets the following conditions with respect to the configured channelOccupancyThreshold:
· RSSI at the receiver is below channelOccupancyThreshold – ΔRSSI-intra for intra-frequency RSSI measurements and channelOccupancyThreshold – ΔRSSI-inter for inter-frequency RSSI measurements, or
· RSSI at the receiver is above channelOccupancyThreshold + ΔRSSI-intra for intra-frequency RSSI measurements and channelOccupancyThreshold + ΔRSSI-inter for inter-frequency RSSI measurements

Where ΔRSSI-intra and ΔRSSI-inter are intra-frequency and inter-frequency RSSI measurement accuracy requirements and whose values are FFS. 
Specification of Existing Measurement Accuracy Requirements
The first step towards specification of existing measurement accuracy requirements for NR-U band classes is to introduce the NR unlicensed bands in Table 3.5.2-1 of TS 38.133. However, to take this step, UE REFSENS requirements should be specified in TS 38.101-1 which has not happened yet. Subsequently, a proper suffix for NR unlicensed band(s) is/are required. Afterwards, RAN4 can discuss in RRM session how to update the abovementioned table. 
Proposal 4. RAN4 to discuss how to update Table 3.5.2-1 of TS 38.133 to include NR unlicensed bands after UE REFSENS requirements and labelling of them are decided in RF session. 
In our view, a clean approach to specifying the existing measurement accuracy requirements is to update the corresponding tables in TS 38.133 with the band group corresponding to NR-U as added in Table 3.5.2-1. For instance, SS-RSRP intra-frequency absolute accuracy requirements for NR-U can be captured by adding the NR-U operating band group(s) to Table 10.1.2.1.1-1. This is more readable and concise and is in contrast to the approach that was taken in LTE LAA where each measurement accuracy requirement was duplicated for band group “FS3_G” even though the requirements were the same as LTE. However, we have no strong view on this and think both options below are viable:
Proposal 5. RAN4 to decide how to capture the existing measurement accuracy requirements. Any of the two options below can be pursued:
· Option 1: Current tables for existing measurement accuracy requirements (e.g., Table 10.1.2.1.1-1 for SS-RSRP intra-frequency absolute accuracy) are updated to include the NR unlicensed operating bands
· Option 2: Separate clauses are added to TS 38.133 with suffix “A” to capture the measurement accuracy requirements for NR unlicensed bands

As mentioned, our preference is option 1. 
Conclusions
Observation 1. ETSI BRAN requirements on nominal channel BW and OCB can be summarized as follows:
· The nominal channel BW is 20 MHz and OCB shall be above 80%.
· An equipment may alternatively implement a lower nominal channel BW with a minimum of 5 MHz placed on the 20 MHz rasters.
· An equipment may operate temporarily with an OCB of less than 80% with a minimum of 2 MHz.
Observation 2. Comparing WB vs NB RSSI measurement performance in the scenarios outlined in Observation 1 and Figure 1:
· When nominal channel BW is 20 MHz and OCB requirements are met, WB and NB RSSI measurements have similar outcome. NB RSSI measurements should be acceptable analogous to NB measurements of RSRP/RSRQ/SINR.
· When nominal channel BW is 5 MHz, NB RSSI measurements are more accurate than WB RSSI measurements which can under-estimate RSSI by a factor of ~7 dB.
· When OCB requirements are temporarily not met and allocation in 20 MHz spectrum is sparse, both WB and NB RSSI measurements perform poorly. When allocation becomes denser and more efficient, WB and NB RSSI measurements have similar outcome. 

Observation 3. The outcome of RSSI measurement of NR-U UL transmission with interlace structure is the same as wideband measurement even if measurement is done with SSB bandwidth (20 PRBs) since SSB bandwidth catches an integer number of clusters in both 15 and 30 kHz SCS.   
Proposal 1. RAN4 to define RSSI measurement accuracy requirements based on SSB BW. 
Proposal 2. RAN4 to define RSSI accuracy requirements based on 1-sumbol measurement duration with no L3 filtering. 
Proposal 3. UE shall be able to correctly evaluate the intra-frequency and inter-frequency CO provided that the following conditions are met:
· All symbols during each RSSI measurement duration are available for RSSI sampling within the same reporting interval,
· RSSI at the UE receiver meets the following conditions with respect to the configured channelOccupancyThreshold:
· RSSI at the receiver is below channelOccupancyThreshold – ΔRSSI-intra for intra-frequency RSSI measurements and channelOccupancyThreshold – ΔRSSI-inter for inter-frequency RSSI measurements, or
· RSSI at the receiver is above channelOccupancyThreshold + ΔRSSI-intra for intra-frequency RSSI measurements and channelOccupancyThreshold + ΔRSSI-inter for inter-frequency RSSI measurements

Where ΔRSSI-intra and ΔRSSI-inter are intra-frequency and inter-frequency RSSI measurement accuracy requirements and whose values are FFS. 
Proposal 4. RAN4 to discuss how to update Table 3.5.2-1 of TS 38.133 to include NR unlicensed bands after UE REFSENS requirements and labelling of them are decided in RF session. 
Proposal 5. RAN4 to decide how to capture the existing measurement accuracy requirements. Any of the two options below can be pursued:
· Option 1: Current tables for existing measurement accuracy requirements (e.g., Table 10.1.2.1.1-1 for SS-RSRP intra-frequency absolute accuracy) are updated to include the NR unlicensed operating bands
· Option 2: Separate clauses are added to TS 38.133 with suffix “A” to capture the measurement accuracy requirements for NR unlicensed bands
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