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1 Introduction
In RAN1#90bis meeting, it was agreed that “RAN1 would respectfully ask RAN4 to provide guidance with respect to the measurement reference points.”

In RAN4#84 meeting, LS on SSRP measurements for mobility in NR[1] was agreed. However the definition of reference points needs further clarification based on the following agreement:
· RAN4 has discussed suitable measurement definitions for RSRP and CSI RSRP in NR, including the impact of receive beamforming and the reference point to define the measurement when no physical antenna connector is present, e.g. above 6GHz. RAN4 agreed that the RSRP and CSI-RSRP definition should include Rx beamforming gain for OTA.

· RAN4 opinion is that when multiple antenna elements are combined for analogue, digital or hybrid RX beamforming purposes (as for example in an antenna panel), the measurement definition should assume that RSRP and CSI-RSRP measurements are performed on the combined signal. Where multiple receiver branches are used in the measurement (for example where signals are received from multiple antenna panels) the same approach as LTE should be used (the reported value shall not be lower than the corresponding RSRP of any of the individual branches).
Agreement: we can further discuss this reference point and the number of points of SSBs
Since the reference point has not decided yet, this paper provides further discussion and analysis on measurement definitions and reference point.
2 Discussion on reference point
2.1  Two options for reference point of UE measurement

Option1 Internal reference point: The reference point is defined as the UE internal measured value, e.g. baseband measurement value performed on the combined signal when multiple antenna elements are combined for analogue, digital or hybrid RX beam forming purposes. 
Option2 Far field reference point: The reference point is defined as the radiated interface boundary, which is the operating band specific radiated requirements reference point in the far field where the radiated requirements apply (refer to eAAS WI). It equals to the RSRP measured by a 0dBi omnidirectional antenna.
The paper provides analysis on these two options from testability, UE implementation and network perspectives.
2.2 Testability perspective
Option1: Internal reference point
It is difficult to tell the UE baseband RSRP accuracy from the reporting value if we choose the baseband measurement value (Option1) as the reference point, since the reporting RSRP including the beamforming gain and different UEs may have different beamforming gain. The test equipment (TE) has to distinguish the UE antenna gain from the UE baseband RSRP measurement error.
The RSRP accuracy test thus may need two steps. The first step is to find out the beamforming gain of the device under testing (DUT). The second step is to test the accuracy of the UE reporting value by getting rid of the beamforming gain from the UE reporting value.
However, it is difficult to find out the beamforming gain of the DUT by the TE since the third party doesn't fully understand the UE architecture. It is unclear whether the NR Testability SI can find out a good solution for this two-step test.  

Option2: Far field reference point
Far field value (Option2) can be tested directly and easily. If we used far field value as the reference point for UE RSRP, all UE shall be expected to report the same value (ideal RSRP). This ideal RSRP equals to the RSRP measured by a 0dBi omnidirectional antenna in the quiet zone. The DUT is then placed to the same place and is expected to report the ideal RSRP. 
2.3 UE implementation perspective

Option1: Internal reference point
If we choose the internal measurement value (Option1) as the reference point, the RSRP reported by UE is very similar as the UE with the physical antenna connector. No big change is needed for UE implementation. 
Option2: Far field reference point
UE needs to somehow find out the beamforming gain in order to calculate the far field RSRP. Since UE vendor understands the antenna design, it is possible for UE vendor to find out the beamforming gain.
For example, UE vendor can conduct the antenna gain test and model the beamforming gain with respect to different incoming beam direction. This beamforming gain model is then stored in the UE memory. When peform RSRP measurement, UE needs to find out the arrival of angle of incoming beam (AoA), then check the beamforming gain model to derive the beamforming gain. The baseband measured value is then calculated to the far field RSRP using this beamforming gain. 
Since UE vendors know their product well, model beamforming gain by UE vendors may be more accurate than the Test Equipment vendor.
2.4 From network perspective 
Option1: Internal reference point

If we choose the internal measurement value (Option1) as the reference point, the RSRP reported by UE can directly reflect the UE demodulation performance since the value including the Rx beamforming gain. Network can directly use the reported RSRP as criterion for e.g. handover. 
If mobility is based on RSRP in the baseband, different UE may e.g. handover at different distance from serving cell, since their Rx beamforming gain may be different. 

Option2: Far field reference point

If we choose the far field reference point, the RSRP reported by UE may not directly represent the UE baseband SNR level since it doesn’t include the Rx beamforming gain. But if UE RF defines a minimum Rx beamforming gain requirement, the network can still infer the UE demodulation performance. 
If mobility is based on RSRP in far field reference point, all UE will e.g. hand over at the same distance from the serving cell, regardless of UE real beamforming gaining.

2.5 In summary 
Proposal1: Select one of the definitions of the reference point from below:
	Reference point
	Definition
	Testability
	UE perspective
	Network perspective

	Option1: Internal reference point
	The reference point is defined as the UE internal measured value, e.g. baseband measurement value performed on the combined signal when multiple antenna elements are combined for analogue, digital or hybrid RX beam forming purposes.
	Challenging on determine the UE beamforming gain by TE
	Minor efforts 
	The RSRP reporting can be directly used to reflect UE baseband performance.

Network handle UE with different beamforming gain differently, e.g. UEs will handover at different distances 

	Option2: Far field reference point
	The reference point is defined as the radiated interface boundary, which is the operating band specific radiated requirements reference point in the far field where the radiated requirements apply (refer to eAAS WI). It equals to the RSRP measured by a 0dBi omnidirectional antenna.
	Can be tested directly and easily
	Need efforts on determine the UE beamforming gain by UE itself
	Need to define minimum UE beamforming gain requirement to let NW infers UE baseband performance.

Network handle UE with different beamforming gain the same, e.g. UE will handover at the same distances


3 RRM requirement diversity branch definitions
For mm-Wave RF front end, if we can assume that the some of the antennas are de-correlated and we can have the traditionally diversity gain similar as sub 6GHz RF front end. The gain depends on the channel, with 3dB improvement for AWGN, and better than 3dB improvement for fading channel.

If we consider that some of the antennas diversity to be correlated and view these Rx antenna as beam forming a, the diversity gain of these antennas is due to beam forming and is related to the Rx aperture. If the Rx antenna element/sub arrays are the same size the gain would be 10logN. With beam forming it is possible that we may have BB processing to deal with 2 or 4 or 8 branches but we could have 64 or more receivers. In this case we can think of the additional receivers being used to give beam forming gain and to increases the SNR of each of the paths.

For traditional MIMO the Rx diversity branch is generally to have de-correlated paths, whereas in AAS the Rx diverstiy branches will have correlated paths so we can form beams. In BS we have 2 obvious de-correlated paths as we can use polarisation diversity. An antenna with 2 polarisations does not form a beam in quite the same way as if it were a physically larger antenna.

So in AAS we have the concept of a demodulation branch. This is equivalent to a traditional diversity or MIMO channel.
Proposal2: Demodulation branch: single input of the AAS UE receiver to the demodulation algorithms. 

NOTE:   For non-AAS UE a demodulation branch is referred to an RX antenna 
This is used when we need to quote some equivalence to a non-AAS system with multiple receiver branches. 

4 Conclusion

This contribution provides discussions on measurement definitions and reference point
Proposal1: Select one of the definitions of the reference point from below:
	Reference point
	Definition
	Testability
	UE perspective
	Network perspective

	Option1: Internal reference point
	The reference point is defined as the UE internal measured value, e.g. baseband measurement value performed on the combined signal when multiple antenna elements are combined for analogue, digital or hybrid RX beam forming purposes.
	Challenging on determine the UE beamforming gain by TE
	Minor efforts 
	The RSRP reporting can be directly used to reflect UE baseband performance.
Network handle UE with different beamforming gain differently, e.g. UEs will handover at different distances 

	Option2: Far field reference point
	The reference point is defined as the radiated interface boundary, which is the operating band specific radiated requirements reference point in the far field where the radiated requirements apply (refer to eAAS WI). It equals to the RSRP measured by a 0dBi omnidirectional antenna.
	Can be tested directly and easily
	Need efforts on determine the UE beamforming gain by UE itself
	Need to define minimum UE beamforming gain requirement to let NW infers UE baseband performance.
Network handle UE with different beamforming gain the same, e.g. UE will handover at the same distances


Propsoal2: Definition of diversity branches for AAS UE:
Demodulation branch: single input of the AAS UE receiver to the demodulation algorithms. 

NOTE:   For non-AAS UE a demodulation branch is referred to an RX antenna 
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