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1 Introduction
In RAN#75 meeting, a Rel-15 NR WI was approved in RP-170847. For Radio Resource Management, 

· 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
· Requirements for Non-Stand-alone operation

· Requirements related to following procedures are not included.
· Idle mode mobility 

· Requirements for Stand-alone operation
This paper provides further discussion on measurement definitions and reference point.
2 Discussion
· RRM requirement Reference point

Tests and validation for current generation mobile communication systems are generally consist of RF test and RRM conducted test. Most of the conducted tests check baseband capabilities while RF test check RF components capabilities. This test case design principle also applies to NR in most cases. 
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Figure1: conductive RRM requirement which bypasses the UE antenna
However the conformance test for the current generation mobile communication systems are generally specified with respect to antenna connector as reference measurement points with frequency range up to 6GHz. The frequency range considers for NR may be up to 100 GHz. It is very likely that highly integrate RF front end using antenna arrays for NR system is used when frequency range is above 6GHz, and thus it may not be possible to separate RF tests with RRM conducted tests. Therefore, it is needed to specify alternative over the air (OTA) NR RRM measurement reference points for tests when no antenna connector available.  RRM requirement should be defined in order to guarantee the system performance. Methodology should be defined in order to make RRM requirement useful.
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Figure2: OTA RRM requirement which doesn’t bypass the UE antenna
The reference point for conductive RRM requirement is antenna port, which bypasses the UE antenna as shown in figure 1.  The ideal RSRP is the receiving power of test equipment after compensation of 
The reference point for OTA RRM requirement is a predefined spatial location in the e.g. microwave chamber. The UE is then place to the predefined point to perform RRM test as shown in figure 2. In the real testing, in order to ignore the actual UE antenna placement, the predefined spatial point can be e.g. UE’s microphone location
Observation1: The reference point for conductive RRM requirement is the antenna port. The reference point for OTA RRM requirement is a predefined spatial location in the e.g. microwave chamber. The UE is then place to the predefined point to perform RRM test.

· Definition of SS block Reference Signal Received Power (RSRP)
Considering SS block with different time index may be different beam with different UE received power, it is reasonable to assume that SS block RSRP is per SS block time index measured as shown in figure 1. Linear average over SS blocks with different time index may not be desirable. 
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Figure1: Definition of SS block RSRP
The power boosting for SSS and PBCH-DMRMS may be different. Unless the power offset between PBCH-DMRS and SSS is known, combing detection over PBCH DMRS and SSS is not possible. PBCH-DMRS is used for PBCH demodulation. SSS is more suitable to be used as the reference signal used for SS block RSRP.

The reference point for conductive RRM requirement is antenna port. The reference point for OTA RRM requirement is a predefined spatial location in the e.g. microwave chamber. The UE is then place to the predefined point to perform RRM test.

SS block RSRP is applicable for RRC IDLE intra-frequency, RRC IDLE inter-frequency, RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.
Observation2: Unless the power offset between PBCH-DMRS and SSS is known, combing detection over PBCH DMRS and SSS is not possible.

Observation3: SSS is more suitable to be used as the reference signal used for SS block RSRP

Observation4: SS block RSRP is applicable for RRC IDLE intra-frequency, RRC IDLE inter-frequency, RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.

Proposal1: Considering different SS block may be different beam with different UE received power, it is reasonable to assume that SS block RSRP is measured per SS block index.
· Definition of CSI-RSRP
CSI-RSRP represents the RSRP of a beam. A beam may be time and frequency resources configured by higher layer. It is reasonable to assume that CSI-RSRP is per resource measured. CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals within the configured resources. For CSI-RSRP determination CSI reference signals shall be used. 

The reference point for the CSI-RSRP shall be the antenna connector of the UE for conductive RRM requirement. The reference point for OTA RRM requirement is a predefined spatial location in the e.g. microwave chamber. 
Proposal2: CSI-RS beam may be represented as resources configured by the higher layer. It is reasonable to assume that CSI-RSRP is per resource measured.
Both the serving cell and neighbour cell CSI-RS bandwidth is know by the high layer signalling. In order to achieve high accuracy for CSI-RSRP, wideband RSRP measurement is beneficial. A CSI-RS beam can be more reliably detected if UE measures all the CSI-RSRP resource that configured.
Proposal3: UE shall measure all the CSI-RS configured by the high layer for CSI-RSRP.
SS block RSRP is applicable for RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency. In idle mode UE cannot get CSI-RS configurations, thus CSI-RSRP is not applicable in idle mode.
Observation5: CSI-RSRP is applicable for RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.

· Methodology to derive Conductive and OTA RRM requirement
The methodology to define conducted RRM requirements may be similar as the LTE. The conducted RRM requirements are defined mostly based on the performance of reference signal measurement. Different accuracy requirements may be needed for different services. Link level simulation will be used to find out the number of reference signal samples needed for the desired accuracy. The measurement period requirements are derived the number of reference signal samples within a given time. 

Currently, TR38.802 already defines channel model and simulation assumption for evaluation. Once the physical layer is defined, conductive RRM requirement can be defined by simulation.
Proposal4:  Channel mode refers to TR36.802 for conductive RRM requirement 

For frequency range above 24GHz, it may not be possible to separate RF tests with RRM conducted tests. Thus OTA RRM requirement are needed to incorporate both baseband capability and RF capability. Although it may not be possible to test conducted RRM requirement separately for frequency range above 24GHz, the measurement related OTA RRM requirement still consist of RF parts and RRM parts. The RRM parts may be very similar as conducted RRM requirement below 6GHz. 

Currently, 5G NR testability SI is working on the baseline setup and propagation model for RRM and Demod. Corresponding work plan has been agreed in RAN4#82bis R4-1704396. Once the baseline setup and propagation model is stable, RRM OTA requirement can be derived based on system level simulation and link level simulation.

Proposal5:  OTA requirement can be defined according to the baseline setup and propagation model in NR testability study item once they are finished
Since NR testability study item may provide OTA propagation model late. It is desirable to reuse some of the conductive RRM simulation results.

OTA RRM system level simulation can provide SNR geometry. Then the conductive RRM link level simulation results can be reused to provide RRM requirement corresponding to the SNR geometry.
Proposal6: OTA RRM system level simulation can provide SNR geometry. Then the conductive RRM link level simulation results can be reused to provide RRM requirement corresponding to the SNR geometry.

· RRM requirement on different numerologies
Another new aspect for NR is that the measurement definitions need to apply for different sub carrier spacing. Subcarrier switching may also happen during the e.g. RSRP measurement upon e.g. cross-numerology scheduling. Thus it is necessary to discuss RRM requirement on different numerologies.
Numerologies will impact RRM requirement. For a given bandwidth in unit of RB, different subcarrier spacing will determine how many REs are available for measurement during a given time, thus impact measurement accuracy and measurement period requirement.

If we use Hz and second as metrics for defining RRM requirement, the number of REs available during a certain period will not be affected by different numerologies as shown in figure 2. 

For CSI-RSRP, NR supports many SCS. There are too many combinations of SCS, bandwidth. It would be hard to define RRM requirements for each combination.
If we use Hz and second as metrics for defining e.g. CSI-RS related RRM requirement, the number of REs available during a certain seconds and Hz will not be affected by different numerologies for a given CSI-RS configuration. In principle the RRM measurement period requirement and accuracy requirement will not be affected by different subcarrier spacing. Thus we can keep a single RRM requirement for different numerologies.
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Figure2: Same number of REs within in a given time (second) and bandwidth (Hz) for different SCS
Proposal7: Subcarrier spacing will not affect the measurement period and the measurement accuracy for CSI-RSRP for a given CSI-RS bandwidth in Hz.

Table 1: Example accuracy requirement of CSI-RSRP for NR that independent of subcarrier spacing

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Downlink transmission

bandwidth of CSI-RS Note1
	Io range

	
	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	MHz
	
	dBm/BWCSI-RS Note1
	dBm/BWCSI-RS Note1

	(TBD
	(TBD
	(TBD 
	(TBD
	TBD
	TBD
	TBD

	NOTE 1:
The CSI-RS bandwidth is configured by the higher layer. The requirement applies to different subcarrier spacing.



For SS block measurement, the number of subcarrier within a SS block is fixed. Considering different SS block may be different beam with different UE received power, it is reasonable to assume that SS block RSRP is measured per SS block time index. Within one SS burst set period, maybe only one SS block is available for a SS block RSRP as shown in figure 1. Thus the SS block RSRP measurement period may only depend on SS burst set period, but not depend on the subcarrier spacing. 
Proposal8: For SS block RSRP measurement, subcarrier spacing will not affect the measurement period and the measurement accuracy.
3 Conclusion

This contribution provides discussions on measurement definitions and reference point
Observation1: The reference point for conductive RRM requirement is the antenna port. The reference point for OTA RRM requirement is a predefined spatial location in the e.g. microwave chamber. The UE is then place to the predefined point to perform RRM test.

Observation2: Unless the power offset between PBCH-DMRS and SSS is known, combing detection over PBCH DMRS and SSS is not possible.

Observation3: SSS is more suitable to be used as the reference signal for SS block RSRP

Observation4: SS block RSRP is applicable for RRC IDLE intra-frequency, RRC IDLE inter-frequency, RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.
Observation5: CSI-RSRP is applicable for RRC CONNECTED intra-frequency and RRC CONNECTED inter-frequency.

Proposal 1: Considering different SS block may be different beam with different UE received power, it is reasonable to assume that SS block RSRP is measured per SS block index.

Proposal2: CSI-RS beam may be represented as resources configured by the higher layer. It is reasonable to assume that CSI-RSRP is per resource measured.
Proposal3: UE shall measure all the CSI-RS configured by the high layer for CSI-RSRP.
Proposal4:  Channel mode refers to TR36.802 for conductive RRM requirement 

Proposal5:  OTA requirement can be defined according to the baseline setup and propagation model in NR testability study item once they are finished
Proposal6: OTA RRM system level simulation can provide SNR geometry. The conductive RRM link level simulation results can be reused to provide RRM requirement corresponding to the SNR geometry.
Proposal7: Subcarrier spacing will not affect the measurement period and the measurement accuracy for CSI-RSRP for a given CSI-RS bandwidth in Hz.

Proposal8: For SS block RSRP measurement, subcarrier spacing will not affect the measurement period and the measurement accuracy.
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