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1. Introduction
In this contribution, we discuss further aspects of measurement definition for NR, concentrating on cases where the UE performs RX beamforming.
2. Discussion

We begin by recapping on previous discussions on measurement reference point in RAN4. In RAN4#84, RAN4 agreed a liaison statement to RAN1 in [1]
	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, eg 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).


In a RAN4 contribution in NR AH#3, we discussed the concept of measurement reference point. In any practical UE implementation, RSRP and is measured by a baseband searcher, which is not at the measurement reference point. In LTE, this baseband measurement is related back to an equivalent power level at the UE antenna connector (reference point) using the UE’s knowledge of how it has configured the receiver gain in RF (AGC setting) and the UE’s knowledge of its analogue to digital converter (millivolts per bit).

In NR, the UE will similarly make RSRP and CSI-RSRP measurements using a baseband searcher, the difference being that if the UE has performed RX beamforming for measurements, the input signal to the baseband searcher will be a combined signal derived from multiple antenna elements. The UE then needs to relate such a signal (measured at P1 in figure 1/2) back to an RF signal level (in dBm) at an earlier stage of the RF which is estimated to have caused the observed baseband RSRP power level.
When the UE implements analogue beamforming, the reference point can be a physical location such as P3
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Figure 1 : Measurement reference point for analogue beamforming

When the UE performs digital beamforming, the reference point becomes virtual, or conceptualized as shown in figure 2
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Figure 2 : Measurement reference point for digital beamforming

Even in the case of analogue beamforming the analogue combining network will probably not have unity gain, but by relating the baseband signal back using all known electrical gains, the equivalent signal with a unity gain combining network is reported.

One discussion which has taken place in RAN4 is which signals are combined to make a measurement. In principle, this is only known by the UE implementation. When antenna arrays are implemented, it is rather natural that the antenna elements within an array will be combined, but it can also be that the UE performs combining between multiple arrays in either analogue or digital domain before making measurements to beam steer the receiver in a specific direction.

Observation 1 : The multiple antenna elements which are combined for analogue, digital or hybrid RX beamforming purposes are only known by UE implementation

Observation 2 : The UE performs measurements on digital baseband signals
Observation 3 : The baseband signals can be related back to a dBm input level at the output of an (assumed) unity gain combiner using an estimate of all known electrical gains in the receiver

The unity gain combining operation is assumed for measurement definition purposes and 
Since RAN1 received the liaison statement, it is likely that they could continue to discuss measurement definition and derive a suitable definition (in specification language) which captures the concept of the P3/virtual P3 shown in figure 1 and 2.

One discussion which took place in RAN1 when the liaison statement [1] was discussed was about receive beam consistency. RAN1 discussed a scenario where the serving cell may be received with a narrower beam (which hence has more antenna gain) and the neighbor cell may be received by a wider beam (with less antenna gain).
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Figure 3a : Beamforming with inconsistent beam width before handover
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Figure 3b : Beamforming with inconsistent beam width after handover

This scenario would not be problematic if the beam widths for the measurement were consistent with the beam widths that would be used for data reception if handover was performed to the neighbour cell. In this case, the neighbour cell measurement has lower RSRP, and this is also the situation that would exist if it became a serving cell. However, if the UE changes its beamforming when the handover is performed and the neighbour becomes the serving cell as shown in figure 4, the effect will be to make serving cells more “sticky” since the neigbours are always measured with reduced antenna gain compared to the serving cell. In practice this becomes like an additional hysteresis (on top of any configured hysteresis) which has to be overcome before handover/PSCell change is triggered.

The concern is valid if the UE uses significantly different beam patterns to measure serving cells compared to neighbour cells. At least for antenna arrays with analogue beamforming, the beam width (and hence peak antenna gain) is a function of the number of antenna elements in the array so the UE can only configure its antenna to have a wider beam by disabling some of the antenna elements (e.g. using a 4x4 array as a 2x2 array by disconnecting 12 of the 16 elements). This cannot be achieved by phase shifter settings alone, but may be possible in some analogue implementations. However, it is clearly a choice made by UE implementation whether a given cell (including the serving cell) is measured with a 4x4 or a 2x2 array, assuming the antenna hardware supports either option.
In general, it can be stated that it would be beneficial for UEs to measure serving and neighbour cells in a consistent way (including beamforming) for mobility purposes. On the other hand, for other purposes more closely related to data reception such as RLM and CQI evaluation, it could be better to measure SS blocks with narrower beams, assuming that narrower beams are used for PDCCH/PDSCH reception.

From an RRM perspective, the concern would be addressed by relative accuracy requirements, so long as relative accuracy also applies to comparing a cell with itself. For example, we can envisage the following type of test procedure based on a suitable core requirement.

1. Connection is established with cell 1 = serving cell, and cell 2 = neighbour cell. Measurement reports of cell 1 and cell 2 are recorded

2. Handover is performed, so that cell 1= neighbour cell and cell 2 = serving cell

3. Measurement reports of cell 1 after handover are compared with measurement reports of cell 1 before handover, and measurement reports of cell 2 before handover are compared with measurement reports of cell 2 after handover.

4. If the comparison of cell 1 before and after handover, and cell 2 before and after handover meets relative accuracy requirements, the result is a pass.
Proposal 1 : RAN4 should address consistency of beamforming by ensuring that relative accuracy requirements apply to comparison of a cell with itself, and later designing a suitable test case.
3. Conclusion
In this contribution we discuss further aspects of measurement definition for NR, concentrating on cases where the UE performs RX beamforming. We make the following observations and proposal. We also propose an updated liaison statement to RAN1.
Observation 1 : The multiple antenna elements which are combined for analogue, digital or hybrid RX beamforming purposes are only known by UE implementation

Observation 2 : The UE performs measurements on digital baseband signals

Observation 3 : The baseband signals can be related back to a dBm input level at the output of an (assumed) unity gain combiner using an estimate of all known electrical gains in the receiver

Proposal 1 : RAN4 should address consistency of beamforming by ensuring that relative accuracy requirements apply to comparison of a cell with itself, and later designing a suitable test case.
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