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Introduction
In RAN4#94-e-Bis meeting, RSSI and CO measurements were further discussed with some agreements and the remaining issues are captured in the WF [1]. In this paper, we discuss some of the remaining issues.
Discussion
 Intra-frequency vs. inter-frequency RSSI 
Intra-frequency RSSI measurements are defined when both conditions are satisfied:
· Condition 1: 
· Option 1a: RMTC configured SCS is the same as the active BWP in the serving cell. 
· Option 1b: RMTC configured SCS is the same as the SCS of the serving cell SSB,
· Condition 2: 
· Option 2a: Measurement BW is contained within the active BWP of the serving cell
· Option 2b: The center frequency of the PRB set configured for RSSI measurement is aligned with the center frequency of an intra-frequency SSB. 
· Inter-frequency measurements are defined when at least one condition above is not satisfied. 


In our understanding, RMTC is a wholly separate configuration from SMTC. In fact, RMTC is typically going to be configured to not collide with SMTC to get a more accurate measurement of channel occupancy. Moreover, if RSSI measurement is supposed to be over the 20 MHz measurement bandwidth (as some companies have been arguing so far), we fail to understand why the SCS configured in RMTC should have any relationship with the SCS of the serving cell SSB. 
Regarding the second condition, we again fail to see why the center frequency of RSSI measurement bandwidth is tied to center frequency of SSB. In NR-U, synchronization rasters are defined to be aligned on the edge of the 20 MHz subbands to allow for FDM’ing RMSI, CSI-RS, and taking full advantage of access to channel once LBT passes. In the last RAN1 meeting, the following corrections were made on TS 38.215:
Agreement:
Adopt the following text proposal for TS 38.215.
[bookmark: _Toc35596391][bookmark: _Toc29901510][bookmark: _Toc29901463][bookmark: _Toc29045122]============================== Start of TP for TS 38.215 ==============================
5.1.21     Received Signal Strength Indicator (RSSI)

	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 configured measurement bandwidth over N number of resource blocks corresponding to LBT the channel bandwidth [TS 37.213 §4.0] where the channel has with the center frequency of configured by ARFCN-valueNRARFCN, 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., and 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 RSSI value shall not be lower than the corresponding RSSI of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



============================== End of TP for TS 38.215 ==============================
By this amendment of the RSSI definition, the channel bandwidth is actually the same as LBT subband with rasters aligned with WiFi and NR-U. Hence, the relationship between RSSI MO and serving cell will be as illustrated in Figure 1 where MOs are contained in subbands and they may or may not be the subbands that are within active BWP. 


Figure 1 RSSI MO (per TS 38.215) w.r.t subbands
Consequently, based on option 2b, there will never be an intra-frequency scenario and all RSSI measurements will be inter-frequency. 
Observation 1. With amendments agreed in RAN1 for definition of RSSI in TS 38.215, there will never be an intra-frequency RSSI with option 2b.
Proposal 1. Intra-frequency RSSI measurement is defined when: 
· RMTC configured SCS is the same as the SCS of active BWP in the serving cell 
· Measurement BW is contained within the active BWP of the serving cell

Inter-frequency RSSI measurement is defined when any of the above conditions is not satisfied. 
 Gap-based RSSI measurement
It is noted that with the definition of intra-frequency RSSI measurement in Section 2.1, intra-frequency RSSI can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 
Proposal 2. With the definition in Proposal 1, intra-frequency RSSI measurement can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 
 RSSI measurement bandwidth
RSSI measurement bandwidth and assumed bandwidth for RSSI accuracy
Option 1: RSSI measurement Bandwdith is the LBT bandwidth
Option 2: The RSSI measurement bandwidth is less than the LBT bandwidth.

First, measurement accuracy is not in the scope of this meeting’s agenda and was agreed to be discussed only in the performance part. Second, we don’t see how either option 1 or option 2 can be tested or enforced. The only testable requirement that UE has to meet is the RSSI measurement accuracy requirement. 
RSSI/CO measurement period
· RSSI measurement period
· Option 1: 
· The RSSI and CO measurement periods depend on:
· max(reportInterval, rmtc-Period) in non-DRX when measurement gaps are not required,
· max(reportInterval, rmtc-Period, DRX) in DRX when measurement gaps are not required, or
· max(reportInterval, rmtc-Period, MGRP and gap sharing) in DRX when measurement gaps are required.
· The CSSF definition and how to account it in the RSSI requirements is to be further discussed
· Option 2: 
· The RSSI and CO measurement period is scaled with the number of measurement objects / CSSFinter.


A particular consideration in RSSI measurement for NR-U is the number of subbands (measurement objects) that UE can be configured when measurement gap is or is not needed.
If UE is not capable of wideband operation in NR-U (i.e., uses CA in units of 20 MHz instead), then each CC can be configured with at most one RSSI MO that will not require a gap for measurement. In such case, Tables 9.1.5.1.1-1 and 9.1.5.1.2-1 of TS 38.133 already list CSSFoutside-gap,i which indicate a scaling factor corresponding to the number of CCs. It is logical to assume that same is applicable for RSSI measurement in NR-U without measurement gap for a UE that is not capable of wideband operation. 
Observation 2. For UE not capable of wideband operation in NR-U, RSSI measurement period scales with the number of MOs not requiring measurement gap according to CSSFoutside-gap,i.
For a UE capable of wideband operation, one CC can be configured with more than one RSSI MO that will not require a gap for measurement. In such case, our view is that the same conclusion for CA operation should be applied, i.e., UE cannot measure RSSI corresponding to multiple subbands in parallel. 
To simplify the formulation of measurement period such that it includes both scenarios discussed above, it is proposed to use Ninta,MO instead of CSSFoutside-gap,i since the definition of CSSFoutside-gap,i does not extend to UE capable of wideband operation. It is noted that CSSFoutside-gap,i prioritizes the measurement of primary CC over other CCs by assigning the value of 1 to primary CC. In our understanding, however, there is no higher priority of any subband over the other subbands in RSSI measurement. 
Proposal 3. When measurement gap is not required, RSSI/CO measurement period corresponds to:
· Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used 
· Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle length) when DRX is used

where Nintra-MO , reportInterval, and rmtc-Period is defined as the number of measurement objects that can be measured without gaps, configured reporting interval, and configured RMTC period, respectively. 
When measurement gap is needed for RSSI/CO measurements, the same methodology used in inter-frequency measurements with CSSFwithin-gap,i can be used. In this case, CSSFinside-gap,i can replace the scaling factor corresponding to number of RSSI MO that UE is configured with.
Proposal 4. When measurement gap is required, RSSI/CO measurement period corresponds to:
· max(reportInterval, rmtc-Period, MGRP).CSSFinter when DRX is not used 
· max(reportInterval, rmtc-Period, MGRP, DRXcycle length).CSSFinter when DRX is used

where CSSFinter is determined according to CSSFwithin-gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps.
 Scheduling availability during RSSI/CO measurements
When UE performs intra-frequency measurements in a TDD band, R15 has defined scheduling restrictions on UL transmission due to SS-RSRP, SS-SINR, and SS-RSRQ measurements. These are captured in clause 9.2.5.3.1 of TS 38.133. For RSSI/CO measurements in NR-U, similar restrictions on scheduling availability should apply. 
During the email discussion #106 in the last meeting, one company raised the concerns as below:
“What is the impact on channel access category 1? Do we need these scheduling restrictions at all, given async networks in NR-U?”
We addressed these concerns during the email discussion and repeat them here again. The operation in unlicensed spectrum is similar to TDD; UE either receives or transmits. The existing requirements in Section 9.2.5.3.1 defines an UL scheduling restriction for SSB symbols to be measured. Even in TDD operation, the symbol boundaries cannot be guaranteed as the phase sync error can be 3us, and due to this reason, 1 symbol before and after are also restricted from being scheduled with UL. So in NR-U sync or async, the same requirement shall also be applied. Also, there is no relationship with channel access category 1. In fact, scheduling restriction should be even more relevant in this category since UE does not even have to do UL LBT before transmission.
Proposal 5. When the UE performs intra-frequency RSSI/CO measurements in unlicensed spectrum, the following restrictions apply due to RSSI/CO measurements

· The UE is not expected to transmit PUCCH/PUSCH/SRS on RSSI measurement symbols, and on 1 data symbol before each RSSI symbols and 1 data symbol after each RSSI symbols within RMTC window duration. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
Conclusions
Observation 1. With amendments agreed in RAN1 for definition of RSSI in TS 38.215, there will never be an intra-frequency RSSI with option 2b.
Proposal 1. Intra-frequency RSSI measurement is defined when: 
· RMTC configured SCS is the same as the SCS of active BWP in the serving cell 
· Measurement BW is contained within the active BWP of the serving cell

Inter-frequency RSSI measurement is defined when any of the above conditions is not satisfied. 
Proposal 2. With the definition in Proposal 1, intra-frequency RSSI measurement can be performed without the need for measurement gap whereas inter-frequency RSSI measurement requires measurement gap. 
Observation 2. For UE not capable of wideband operation in NR-U, RSSI measurement period scales with the number of MOs not requiring measurement gap according to CSSFoutside-gap,i.
Proposal 3. When measurement gap is not required, RSSI/CO measurement period corresponds to:
· Nintra-MO.max(reportInterval, rmtc-Period) when DRX is not used 
· Nintra-MO.max(reportInterval, rmtc-Period, DRXcycle length) when DRX is used

where Nintra-MO , reportInterval, and rmtc-Period is defined as the number of measurement objects that can be measured without gaps, configured reporting interval, and configured RMTC period, respectively. 
Proposal 4. When measurement gap is required, RSSI/CO measurement period corresponds to:
· max(reportInterval, rmtc-Period, MGRP).CSSFinter when DRX is not used 
· max(reportInterval, rmtc-Period, MGRP, DRXcycle length).CSSFinter when DRX is used

where CSSFinter is determined according to CSSFwithin-gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps.
Proposal 5. When the UE performs intra-frequency RSSI/CO measurements in unlicensed spectrum, the following restrictions apply due to RSSI/CO measurements

· The UE is not expected to transmit PUCCH/PUSCH/SRS on RSSI measurement symbols, and on 1 data symbol before each RSSI symbols and 1 data symbol after each RSSI symbols within RMTC window duration. 

When intra-band carrier aggregation in unlicensed spectrum is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols.
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