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Introduction
During the previous RAN4#82bis meeting, discussion on the OTA requirements for mmWaves in the NR testability SI was initiated in RAN4. In parallel, the NR RRM requirements scoping discussion was ongoing, considering conducted as well as OTA requirements, depending on the frequency range.  
In this contribution we are discussing on the relations among the conducted and OTA requirements for the NR RRM, and the consequences for the absolute power measurements. 
Discussion
Referring to the NR WID in [1], the following set of the NR RRM requirements was considered, based on the findings in the NR SI phase:  
	· Conducted RRM requirements for below 6GHz 
· Note: Conducted and/or OTA RRM requirements for between 6GHz and 24 GHz will be specified once bands within this range are introduced into WID
· OTA RRM requirements for above 24GHz



In case of NR RRM, we need to consider Range1 (below 6 GHz) and Range2 (above 6 GHz) frequencies already during the Rel-15 discussion for the NSA NR deployments. This means that both conducted and OTA requirements will have to be defined for NR RRM in Rel-15. Therefore in the following sections we are looking into relations among conducted and OTA requirements, and consequences of the lack of UE antenna connectors. 
Definitions relying on the UE antenna connector
Based on the E‑UTRA RRM requirements, it was identified that number of symbols in TS 36.133 [2] were defined based on the UE antenna connector availability, as listed in Table 1 below.  
Table 1: Selected E-UTRA RRM related symbols defined at the antenna connector [2]
	Symbol
	Description

	CPICH_Ec/Io	
	The ratio of the received energy per PN chip for the CPICH to the total received power spectral density at the UE antenna connector.

	Io	
	The total received power density, including signal and interference, as measured at the UE antenna connector.

	Ioc
	The power spectral density (integrated in a noise bandwidth equal to the chip rate and normalized to the chip rate) of a band limited noise source (simulating interference from cells, which are not defined in a test procedure) as measured at the UE antenna connector.

	Iot
	The received power spectral density of the total noise and interference for a certain RE (power integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector.

	NSCH_RP
	Received (linear) average power of the resource elements that carry Narrowband synchronisation signal, measured at the UE antenna connector.

	

	The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector.

	PRP
	Received (linear) average power of the resource elements that carry E-UTRA PRS, measured at the UE antenna connector.

	SCH_Ec/Ior
	The ratio of the transmit energy per PN chip of the SCH to the total transmit power spectral density at the UTRA Node B antenna connector.

	SCH_RP
	Received (linear) average power of the resource elements that carry E-UTRA synchronisation signal, measured at the UE antenna connector.



Without diving into technical details, it can be stated that in general similar definitions are expected to be introduced for the conducted NR requirement, in case of NR operating below 6 GHz. As there will be conducted and OTA requirements defined for NR RRM (for Range1 and Range2, respectively), the UE antenna connector-based NR definitions will coexist with the OTA-related definitions in the same TS 38.133 specification.
Observation 1: The UE antenna connector-based NR definitions and requirements will coexist with the OTA-related definitions and requirements in the same TS 38.133 specification.
OTA requirements formulation
In case of  OTA requirements, lack of the UE antenna connectors will force us to define new approach for respective NR definitions and related requirements. The following element are considered to be required in the definition of OTA directional requirements, especially in case of the requirements relying on the absolute power measurements: 
· UE antenna gain: this value will be frequency band specific. Therefore, it will impact the requirements definition for the requirements relying on the absolute power measurements. Different antenna arrays/antenna elements could be potentially used depending on the frequency band. In case of the requirements involving multiple gNBs monitoring, this case becomes more complicated as the antenna array gains will vary with the direction of arrival, therefore consideration of features like digital beamforming will have to be clarified and decided first. 
· UE beamforming: UE beamforming could be also considered depending on the requirement, e.g. TBD whether the UE beamforming could be used for the cell search, etc. 
· OTA test range antenna: gain of the test range antenna and its variation in the frequency domain will be well known and controlled. Furthermore, it is expected that in the OTA test setup, the UE will be located within the main lobe (reference direction) of the test antennas which will model one of multiple gNB(s). It is FFS, whether more advance antenna systems will be required during OTA test setup in order to model the gNB beamforming.
· Internal antenna losses (if decided to be significant to be considered). Refer to the AAS BS, where the in-band antenna losses for the OTA RF requirements were discussed to be in range of [2] dB (irrespective of the implementation). 
· OTA test range pathloss: this parameter will be test range specific, as obviously varying with the distance and frequency. 
Based on the above, the following observation can be drawn: 
Observation 2: Due to the conducted vs. OTA testability differences, it is observed that for requirements relying on the absolute power measurements, it might not be possible to define the NR RRM requirements in a way, where the conducted test and OTA tests defined in the RAN5 specification will be based on the same core RAN4 requirements in TS 38.133.   
Observation 3: On top of the above, it cannot be precluded, that the requirements sets for Range1 and Range 2 will differ, in order to address the mmWave, e.g. related to pencil beams, beam measurement related, beam tracking related, etc. 
Absolut power measurements
One particular aspect which brought attention, is the relation among conducted / OTA requirements in case of the absolute power measurement and the RRM requirements relying on the absolute power side conditions. 

Referring to the conducted requirements defined for E-UTRA in TS 36.133 [2], such absolute power measurements were applicable in case of RSRP, SCH_RP or PRP measurements, or side conditions defined based on those absolute power values for many RRM requirements in IDLE (e.g. cell re-selection) and CONNECTED state. 
In the following sections, selected requirements relying on absolute power conditions are listed for reference. Other variables using absolute power definition in TS 36.133 were also used (e.g. Qrxlevmin, Noc, etc).

1.1.1 RSRP|dBm conditions
RSRP|dBm conditions were defined for the following requirements listed in Table 2 below, e.g. in case of the inter-frequency measurements, there were RSRP|dBm conditions defined, under which the cell shall be considered detectable, or identifiable. It shall be noted, that for the below listed requirements, there were also other conditions defined (e.g. other RSRP related side conditions, or RSRQ related side conditions, and/or SCH_RP|dBm conditions).
Table 2: Inter frequency measurements with the RSRP|dBm conditions defined [2]
	Requirements category
	Requirement
	SCH_RP|dBm condition

	Inter frequency measurements

	E-UTRAN FDD – FDD inter frequency measurements when no DRX is used
	RSRP|dBm and RSRP Ês/Iot according to Annex B.2.3 for a corresponding Band.

	
	E-UTRAN FDD – FDD inter frequency measurements when  DRX is used
	

	
	E-UTRAN TDD – TDD inter frequency measurements when no DRX is used
	

	
	E-UTRAN TDD – TDD inter frequency measurements when DRX is used
	

	Intra-frequency RSRP Accuracy Requirements

	Intra-frequency RSRP Accuracy Requirements: Absolute RSRP Accuracy
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	
	Absolute RSRP Accuracy under Time Domain Measurement Resource Restriction
	RSRP|dBm according to Annex B.3.9 for a corresponding Band,

	
	Absolute RSRP Accuracy under Time Domain Measurement Resource Restriction with CRS assistance information
	RSRP|dBm according to Annex B.3.11 for a corresponding Band,

	
	Absolute RSRP Accuracy for UE Category 1bis
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	
	Absolute RSRP Accuracy in high Doppler conditions
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	Inter-frequency RSRP Accuracy Requirements
	Absolute RSRP Accuracy
	RSRP|dBm according to Annex B.3.3 for a corresponding Band

	
	Absolute RSRP Accuracy for UE Category 1bis
	

	
	Absolute RSRP Accuracy in high Doppler conditions
	

	Intra-frequency RSRQ Accuracy Requirements
	Absolute RSRQ Accuracy
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	
	Absolute RSRQ Accuracy under Time Domain Measurement Resource Restriction
	RSRP|dBm according to Annex B.3.9 for a corresponding Band

	
	Absolute RSRQ Accuracy under Time Domain Measurement Resource Restriction with CRS assistance information
	RSRP|dBm according to Annex B.3.11 for a corresponding Band

	
	Absolute WB-RSRQ Accuracy
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	
	Absolute RSRQ Accuracy for UE Category 1bis
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	
	Absolute RSRQ Accuracy in high Doppler conditions
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	Inter-frequency RSRQ Accuracy Requirements
	Absolute RSRQ Accuracy
	RSRP|dBm according to Annex B.3.3 for a corresponding Band

	
	Absolute WB-RSRQ Accuracy
	RSRP|dBm according to Annex B.3.1 for a corresponding Band

	
	Absolute RSRQ Accuracy for UE Category 1bis
	RSRP|dBm according to Annex B.3.3 for a corresponding Band

	
	Absolute RSRQ Accuracy in high Doppler conditions
	RSRP|dBm according to Annex B.3.3 for a corresponding Band

	Time difference
	UE Rx – Tx time difference
	RSRP|dBm according to Annex B.3.5 for a corresponding Band

	
	Measurement Requirement under Time Domain Measurement Resource Restriction
	

	
	Measurement Requirement when Time Domain Measurement Resource Restriction Pattern is Configured with CRS Assistance Information
	RSRP|dBm according to Annex B.3.13 for a corresponding Band

	RS-SINR Measurements
	Absolute RS-SINR Measurement Accuracy Requirements
	RSRP|dBm according to Annex B.3.18 for a corresponding Band

	
	Absolute RS-SINR Measurement Accuracy Requirements
	RSRP|dBm according to Annex B.3.19 for a corresponding Band

	SFN and Subframe Time Difference (SSTD)
	SSTD Accuracy Requirement
	RSRP|dBm according to Annex B.3.5 for a corresponding Band

	MBSFN Measurements
	Absolute MBSFN RSRP measurement accuracy requirements
	MBSFN RSRP|dBm/15kHz is the same as RSRP|dBm/15kHz specified in Annex B.3.1 for each corresponding Band

	
	Absolute MBSFN RSRQ measurement accuracy requirements
	

	ProSe Measurements
	Absolute S-RSRP Accuracy
	S-RSRP|dBm according to Annex B.5.1 for a corresponding Band are fulfilled

	
	Absolute SD-RSRP Accuracy
	SD-RSRP|dBm according to Annex B.5.4 for a corresponding Band are fulfilled

	
	Relative Accuracy of SD-RSRP
	SD-RSRP|dBm according to Annex B.5.5 for a corresponding Band are fulfilled

	V2X measurements
	Intra-Frequency S-RSRP Measurement Accuracy Requirements: Absolute S-RSRP Accuracy
	S-RSRP|dBm according to Annex B.6.2 for a corresponding Band are fulfilled.

	
	PSSCH-RSRP Measurement Accuracy Requirements: Intra-frequency Absolute PSSCH-RSRP Accuracy
	PSSCH-RSRP|dBm according to Annex B.6.5 for a corresponding Band are fulfilled


NOTE 1:  FS3 related requirements not considered. 
NOTE 2: UE Cat. 0, M1, NB1 requirements not considered.
1.1.2 SCH_RP|dBm conditions
SCH_RP|dBm conditions were defined for the following requirements: 
Table 3: Inter frequency measurements with the SCH_RP|dBm conditions defined [2]
	Requirements category
	Requirement
	SCH_RP|dBm condition

	Inter frequency measurements

	E-UTRAN FDD – FDD inter frequency measurements when no DRX is used
	SCH_RP|dBm and SCH Ês/Iot according to Annex B.2.3 for a corresponding Band.

	
	E-UTRAN FDD – FDD inter frequency measurements when DRX is used
	

	
	E-UTRAN TDD – TDD inter frequency measurements when no DRX is used
	

	
	E-UTRAN TDD – TDD inter frequency measurements when DRX is used
	

	
	E-UTRAN FDD-FDD inter frequency measurements with autonomous gaps:  Identification of a new CGI of E-UTRA FDD cell with autonomous gaps
	

	
	E-UTRAN TDD-FDD inter frequency measurements using autonomous gaps: Identification of a new CGI of E-UTRA FDD cell with autonomous gaps
	SCH_RP|dBm and SCH Ês/Iot according to Annex B.2.4 for a corresponding Band.

	
	E-UTRAN FDD – FDD inter-frequency measurements: E-UTRAN FDD – FDD inter frequency measurements when no DRX is used
	SCH_RP|dBm SCH Ês/Iot according to Annex B.2.11 for a corresponding Band.

	
	E-UTRAN TDD – TDD inter frequency measurements: E-UTRAN TDD – TDD inter frequency measurements when no DRX is used
	

	
	E-UTRAN TDD – TDD inter frequency measurements: E-UTRAN TDD – TDD inter frequency measurements when DRX is used
	



Table 4: Measurements of a secondary component carrier with the SCH_RP|dBm conditions defined [2]
	Requirements category
	Requirement
	SCH_RP|dBm condition

	Measurements of a secondary component carrier 

	Measurements of a secondary component carrier with deactivated SCell: E-UTRAN secondary component carrier measurements when no common DRX is used
	SCH_RP|dBm and SCH Ês/Iot according to Annex B.2.7 for a corresponding Band


	
	E-UTRAN secondary component carrier measurements when common DRX is used
	

	
	E-UTRAN secondary component carrier measurements when no common DRX is used
	SCH_RP|dBm and SCH  Ês/Iot  according to Annex B.2.10 for a corresponding Band


	
	E-UTRAN secondary component carrier measurements when common DRX is used
	

	
	E-UTRAN secondary component carrier measurements when no common DRX is used
	

	
	E-UTRAN secondary component carrier measurements when common DRX is used
	


NOTE: FS3 related requirements not considered. 
It shall be noted, that for the above listed requirements, there were also other conditions defined (e.g. other RSRP related side conditions, or RSRQ related side conditions).
1.1.3 PRP 1,2|dBm conditions
There were also the absolute power conditions defined for the positioning RS measurements. 
Table 5: Measurements with the PRP 1,2|dBm conditions defined [2]
	Requirements category
	Requirement
	PRP 1,2|dBm condition

	OTDOA Measurements
	E-UTRAN FDD Intra-Frequency OTDOA Measurements
	PRP 1,2|dBm according to Annex B.2.5 for a corresponding Band

	
	E-UTRAN TDD Intra-Frequency OTDOA Measurements
	

	
	E-UTRAN FDD-FDD Inter-Frequency OTDOA Measurements
	PRP 1,2|dBm according to Annex B.2.6 for a corresponding Band

	
	E-UTRAN TDD-FDD Inter-Frequency OTDOA Measurements
	

	
	E-UTRAN TDD-TDD Inter-Frequency OTDOA Measurements
	

	
	E-UTRAN FDD-TDD Inter-Frequency OTDOA Measurements
	

	Reference Signal Time Difference (RSTD)
	Intra-Frequency Accuracy Requirement
	PRP 1,2|dBm according to Annex B.3.6 for a corresponding Band

	
	Inter-Frequency Accuracy Requirement
	PRP 1,2|dBm according to Annex B.3.7 for a corresponding Band



Relation to the TRP/TRS discussions
The OTA performance RF requirements for UE were already defined under the TRP (total radiated power)/TRS (total radiated sensitivity) work item. From the NR RRM requirements point of view, one could think that there is certain common denominator of the OTA requirements, which we would be able to reuse also for the NR RRM requirements OTA. 
What has to be highlighted here, is that the TRP/TRS work was relying on the measurements of the total radiated power/sensitivity on the whole sphere around the UE, considering certain approximation techniques for the reduction of the number of measurement points. By the consideration of the total radiation pattern, the antenna radiation pattern of the UE was not visible in the requirements evaluation, and it was not required to know the antenna gain/sensitivity at particular angular direction around the UE. 
In case of E-UTRA RRM requirements, those solely rely on the radio link(s) established between the UE and eNB(s). In case of NR RRM, those requirements are expected to rely on the radio link(s) established among UE and gNB(s), or TxRPs, also considering the beamforming capabilities of the access nodes, and potentially of the UEs.
In other words, in case of NR RRM requirements, it will not be possible to reuse the TRP/TRS principles of those core OTA RF requirements definitions and new OTA requirements framework will have to be defined here. 
Conclusion
The aim of this contribution, was to initiate the discussion on the relations among the conducted and OTA requirements definitions, in particular for NR RRM requirements. In this contribution we were discussing on the relations among the conducted and OTA requirements for the NR RRM, and the consequences for the absolute power measurements and side conditions. The following observation were made: 
Observation 1: the UE antenna connector-based NR definitions and requirements will be required and will coexist with the OTA-related definitions and requirements in the same TS 38.133 specification.
Observation 2: Due to the conducted vs. OTA testability differences, it is observed that for requirements relying on the absolute power measurements, it might not be possible to define the NR RRM requirements in a way, where the conducted test and OTA tests defined in the RAN5 specification will be based on the same core RAN4 requirements in TS 38.133.   
Observation 3: On top of the above, it cannot be precluded, that the requirements sets for Range1 and Range 2 will differ, in order to address the mmWave, e.g. related to pencil beams, beam measurement related, beam tracking related, etc. 
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