3GPP TSG-RAN WG4 Meeting #85
R4-1712492
Reno, USA, 27 November  – 1 December, 2017

Title: 




Reference point for NR FR2 measurements
Source: 
Ericsson
Agenda item:
9.7.5.1
Document for:
Discussion
1. Introduction

In RAN4#84bis there were a few proposals for RSRP reference point [1]

 REF _Ref496190509 \r \h 
 \* MERGEFORMAT [2]. Discussions also took place in RAN1#90bis, resulting in an LS to RAN4

	1. Overall Description:

RAN1 would like to thank RAN4 for their LS in R1-1715368 entitled “LS on RSRP Measurements for Mobility in NR”. RAN1 would like to inform RAN4 that RAN1 definition of physical layer measurements for the various UE measurements in Section 5.1 of TS 38.215 includes definition of the measurement reference points at the Antenna Connector for the frequency range as identified in RAN4 LS R4-1708807 (R1-1715366).  
However, RAN1 has not concluded whether or not Antenna Connector should be used as measurement reference points. In addition, RAN1 believes that the measurement reference points should be decided by RAN4.

Note: The latest version TS 38.215 v1.0.1 can be found in R1-1716931.  

2. Actions:

To RAN WG4

RAN1 would respectfully ask RAN4 to provide guidance with respect to the measurement reference points.  


The action from the LS is that RAN4 needs to continue to discuss measurement reference point, to give guidance to RAN1 on the specification. In this contribution, we discuss the reference point further.
2. Discussion
For sub-6GHz, were devices have antenna connector(s) we see no reason not to choose the antenna connector as the reference point; this has worked well from a specification perspective in 3G and LTE. 

Proposal 1: For FR1, the reference point for RSRP, RSRQ, SINR and any other UE measurements is the antenna connector.
For FR2, the starting point for the discussion is about how to reflect RX antenna pattern and beamforming in the measurement definition for UE that do not have an antenna connector e.g. mm wave UEs. 
In [3], RAN4 informed RAN1

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 the contributions from RAN4#84bis there are different proposals for measurement reference point
	From [1] : 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
From [2] : The definition of reference point should be radiated interface boundary in eAAS WI. The definition of radiated interface boundary : operating band specific radiated requirements reference point in the far field where the radiated requirements apply. The far field is the point where any antenna gain pattern is stable. It is also possible to use near filed measurement with appropriate corrections to simulate the far field measurement.


In all cases, UEs perform measurements on baseband signals. Fundamentally, the difference between these approaches is whether the UE relates the observed baseband signal back to the output of the antenna system (including beamforming) or the input to the antenna system (at radiated interface boundary). In the former case, the UE does not estimate antenna gain, so the reported measurements are larger if there is a larger antenna gain and smaller if there is a smaller antenna gain. For the latter case, the UE would attempt to estimate the antenna gain, and thus relate a signal observed at baseband to the corresponding reference point in the far field.
We think that it is critical that the measurement definition should correspond to that which is needed for the proper operation of the system. Considering the discussion about definitions, the question which RAN4 fundamentally needs to answer is 

Question 1 : If the UE experiences larger antenna gain in its operation, is it desirable to report a larger RSRP to the gNB?
Our view is that the answer to this question must be yes. Firstly, this is how LTE UEs have operated. Although LTE does not depend on active beamforming, by defining RSRP at an electrical antenna connector, which corresponds to the antenna output to the receiver when a radiated setup is used, fundamentally the UE experiencing a larger antenna gain in its operation (for example, when oriented in a favorable direction) will report a larger RSRP. Secondly, and more importantly, this is also desirable for the correct operation of mobility. When the UE experiences a larger antenna gain from a serving cell, it can be expected that PDSCH and PDCCH are received with higher power and there is lower pathloss than there would be with a smaller antenna gain. Neighbour cells are evaluated for the purposes of RRM as candidates to become serving cells. Similarly, if antenna gain is considered when measuring a quality metric (such as SSB-RSRQ, SSB-SINR) i.e. both RSRP and RSSI are measured with the antenna beamforming using a suitable codeword, then the quality measured will be consistent with the PDCCH/PDSCH quality which would be experienced if the cell became a serving cell. For example, a codeword which increases SINR by increasing received power or suppressing interference from a different direction should result in a better SINR or RSRQ to provide a basis for the correct mobility of the UE.
One assumption which we make in this argument is that when neighbor cells are evaluated as candidates to become serving cell, the RSRP, RSRQ and SINR that is reported is consistent with the RSRP, RSRQ and SINR that would be reported if they became serving cells, i.e. the measurements reported when the cell is a neighbor cell are a good predictor of the measurements (and thus performance) which would be expected if the cell becomes a serving cell. This is the principal reason we emphasized in [1] that it is important that beamforming and measurements of a cell are reasonably consistent whether it is measured as a neighbour or a serving cell. In the end, the purpose of performing RRM measurements on neighbours is to attempt to forecast the conditions which would exist if the cell became a serving cell.
Observation 1 : Considering the proper operation of RRM measurements to forecast the conditions which would exist if a neighbour cell became the serving cell, it is desirable that the reported RSRP is larger if the antenna gain is greater. 
Considering the proposal in [2], this is based on a reference point at the radiated interface boundary. As the UE estimates RSRP at the radiated interface boundary then it is constant regardless of the UE antenna gain. Hence it does not allow for reporting of mobility measurements which provide a forecast (e.g. a neighbour prior to handover) or a comparable indication (e.g. for a serving cell) of the received PDCCH/PDSCH strength or quality with respect to RX beamforming.
Another aspect of the proposal in [2] is UE implementation complexity. The UE is required to estimate RSRP at a reference point in the far field which it presumably does by measuring baseband RSRP and working backwards to the reference point, using estimates of both electrical and spatial gains. The UE does not know the direction of the target cell, only the RX antenna codebook entry which gives largest RSRP. It may assume a certain maximum gain for a codebook entry, but there is no guarantee that the target cell being measured experiences maximum gain. Moreover, when an SS block has multiple angles of arrival due to multipath propagation it may be difficult to determine UE RX antenna gain and relate the observed signal to an equivalent RSRP in the far field. 
The main advantage discussed in [2] for a reference point at the radiated interface boundary is on testability; once appropriate requirements are defined for the measurement then the testing can be performed simply by ensuring that the RSRP at the reference point (radiated interface boundary) is the nominal RSRP for the test. However, we would like to emphasize the following points
1. The testability issues are moved to become standardization and UE implementation issues. RAN4 would need to discuss how well a UE is expected to be able to calibrate antenna gain in different directions, and UEs would need to implement a functionality to adjust the reported RSRP depending on the antenna gain.
2. Fundamentally, the measurement definition and reference point should not be driven by test considerations if this is to the detriment of the system. Suppose that a UE has more antenna gain in the direction of a neighbour cell than the serving cell such that the neighbour cell is stronger due to the antenna gain. However, the signal power at the radiated boundary interface will not be stronger, so no handover will be triggered. In practice, this means that the UE is not served by the best cell which is likely to result in reduced downlink throughput and increased uplink interference.
Another discussion which has taken place in RAN4 is on which antenna elements are combined for beamforming purposes, and which are taken as separate branches for RX diversity/MIMO purposes. 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 
Based on these considerations, we propose
Proposal 2: For FR2, the reference for RSRP, RSRQ, SINR and any other UE measurements shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.

3. Conclusion
In this contribution, we have discussed further the measurement reference point especially for FR2. The following proposals and observation were made:
Proposal 1: For FR1, the reference point for RSRP, RSRQ, SINR and any other UE measurements is the antenna connector.
Observation 1: Considering the proper operation of RRM measurements to forecast the conditions which would exist if a neighbour cell became the serving cell, it is desirable that the reported RSRP is larger if the antenna gain is greater. 
Proposal 2: For FR2, the reference for RSRP, RSRQ, SINR and any other UE measurements shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.
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