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1 Introduction
In LTE, RAN4 has provided definitions of measurements including RSRP and RSRQ to RAN1 and they are captured in 36.214. For example, LTE RSRP is defined as

	The reference point for the RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 
	

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Measurement definitions need to be discussed for NR, and our expectation is that RAN4 will be involved in this work in the same way as was for LTE.
2 Discussion
In this contribution, we discuss the differences in NR measurements which may result in different measurement definition. There are two main discussion points

1. What is a suitable measurement reference point considering that the LTE definition specifies a reference point at the UE antenna connector, but an NR UE may have no antenna connector?
2. What is a suitable measurement definition, considering that TX and RX beamforming may be used for NR? It is also possible that some gNB or UE may not perform beamforming especially on lower frequency bands

Ideally one measurement definition should cover NR measurement quantities regardless if they are measured on a band below 6GHz or a mm-wave band.

Observation 1 : It is necessary to progress the measurement definition for NR to make significant progress with NR RRM topics, since measurements cannot be simulated
2.1 Measurement reference point

Firstly, there is assumed to be no antenna connector in mm-wave NR UEs. From a definition point of view, the measurement definition is not supposed to specify an implementation, so even in LTE the reference point does not need to be a physical connector (most UE are not fitted with physical external connectors, but may use, for instance, a test point on a PCB accessed with an adapter jig). In NR, however, there is a fundamental difference that antenna arrays may be used in the receiver, and the receiver may implement receive beamforming, whereby signals are combined from different closely spaced antenna elements with an appropriate set of phase shifts. One possible antenna arrangement[1] is shown in figure 1 which shows An example of antenna arrangement in the UE with 4 groups of mmW antennas each consisting of 4 elements.
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Figure 1: An example of antenna arrangement in the UE with 4 groups of mmW antennas each consisting of 4 elements.
Figure 2 shows a downlink architecture assuming analogue beamforming
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Figure 2: DL architecture

Beamforming may also be performed in the digital domain. For full digital beamforming, a signal from each antenna element would be fed to an ADC, and the phase shifting to perform beamforming would be applied in digital processing rather than an analogue implementation prior to the ADC. This allows greater flexibility - different symbols transmitted at the same time can have different beamforming applied. However, the complexity of digital beamforming is greater due to the needed ADCs etc. Hybrid beamforming is also possible
From figure 2, it is clear that the UE can only perform measurements on the combined signals after receive beamforming. If digital RX beamforming was used, it would in principle be possible to perform measurements on the signal from one antenna element or a subset of antenna elements, but given that RX beamforming is expected to be used to receive data, it seems natural that RX beamforming gains should also be reflected in the measurement results.

Proposal 1 : If the UE performs receive beamforming the reference point for RSRP measurements should include the gain due to beamforming, i.e. measurements are performed on the combined signal from the set of elements in an antenna array
On the other hand, there are many electrical gain elements in the RF which amplify all the received signals from each element of the antenna array. From measurement definition point of view, only beamformimg gain should be included, i.e. the measurement definition should only include the combining operation (with normalised / unity gain).  
Considering the UE in figure 1, there are 4 groups of antenna arrays, with each array having 4 elements. Each antenna array (group of 4 elements) forms a similar role to an LTE antenna except that it can be directionally controlled
In this case, the selection of signals between different antenna arrays could follow a similar approach to LTE
Proposal 2 : If multiple antenna arrays are used, the reported RSRP measurement shall not be lower than the combined signal from any individual antenna array.
2.2 RAN4 aspects

Since the UE may perform RX beamforming, the measurement performance will depend on the SNR after RX beamforming. For example, measurements where the interferer has a different direction of arrival from the wanted signal will have a better SNR than measurements where both signals arrive from the same direction Therefore, it seems natural to define Es/Iot or SNR as the SNR after combining. It should be noted that this is different from LTE and corresponds to a point deep inside the UE implementation. In the case of digital RX beamforming, this is after digital processing. From a core requirements point of view, this approach makes sense but it is also going to create challenges from a testability point of view since the beamforming gain for both the wanted and interfering signals will be unknown.
Proposal 3 : Side conditions such as SNR for measurements apply on the combined signal from the set of elements in an antenna array

3 Conclusions

Observation 1 : It is necessary to progress the measurement definition for NR to make significant progress with NR RRM topics, since measurements cannot be simulated
Proposal 1 : If the UE performs receive beamforming the reference point for RSRP measurements should include the gain due to beamforming, i.e. measurements are performed on the combined signal from a the set of elements in an antenna array

Proposal 2 : If multiple antenna arrays are used, the reported RSRP measurement shall not be lower than the combined signal from any individual antenna array.

Proposal 3 : Side conditions such as SNR for measurements apply on the combined signal from the set of elements in an antenna array
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