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1. Introduction
In RAN4 meeting #84bis, RAN4 mandated in its liaison statement (LS) to RAN5 [1] that:

· “All UEs supporting NR and operating in frequency range 2 (FR2) shall support a mandatory UE beam lock function (UBF) to simplify the test method complexity, such that

· The UBF can disable changes to the UE beamforming configuration when in NR_RRC_CONNECTED state

· Additional test interface functionality is not precluded”
In RAN5 meeting #77 and in response to the LS [1], RAN5 noted two discussion papers [2] [3] and approved the text proposal (change request) [4] to TS 38.509 [5] which adds the following new Section 5.x.1.1:
· “The SS uses the UE Beamlock test mode activation procedure to command the UE to lock the UE antenna pattern once it has formed a beam towards the base station direction following the cell identification procedure in preparation for subsequent test procedures. The beamlock activation procedure can apply to UE transmitter and UE receiver beams either simultaneously or independently.”
In RAN4 meeting #85, RAN4 notes in its LS to RAN5 [6]

 REF R5_180001 \r \h 
[7]:
· RAN4 has specified NR core specifications for UE RF mmWave OTA from system point of view. At the same time, RAN4 has also identified some difficulties to verify some core requirements due to low PSD and wide frequency range etc
Further to [2], [3] [4] [6] and [7], this document describes the need for a UE power-lock function (UPF) and asks RAN5 to investigate such requirements with the purpose introducing the UPF in TS 38.509 [5] in which the aforementioned UBF can already be found.
2. Discussion
This section introduces the need for an additional UE locking function and describes further aspects linked to that feature. Common to this is the notion of a single and trackable (narrow) beam that can be visualized, for example, when a link is established between the gNB (emulator or system simulator) and the UE.
Power locking

For certain tests, discussed below, it may be necessary to ensure that the UE transmitted power or the UE transmitted power spectral density (PSD) is locked at a given level or in other words, the (transmission) power of the UE is locked. Such requirements might be necessary when a UE antenna beam pattern is formed for transmission and measurement, examples of which are described in LS [6] and include the metrics TRP and EIRP.
With reference to TS 38.521-2 [8] and its section numbering and headings, the test cases associated with the measurement of UE transmission characteristics currently include: ‘6.2 Transmit power’; ‘6.3 Output power dynamics’ and; ‘6.5 Output RF spectrum emissions’. Based on the expectation that additional test case details from TS 38.101-2 [9] will find their way into TS 38.521-2 [8], a further example of UE transmission measurement includes ‘6.4 Transmit signal quality’.
Power control mechanisms—such as open-loop or closed-loop power control—respond to received power levels at the UE or to power control commands sent by the gNB (emulator). The latter are sent when the UE is an RRC_connected state. For measurement purposes, it is necessary that such power control mechanisms are disabled and hence the transmit power is locked. The need for a UPF is thus indentified.

The UPF removes the need for the gNB to send power control commands to the UE during the RRC_connected state. Furthermore, this also ensures that even if the RRC_connected state is (temporarily) lost, measurement of a transmission-related metric can continue since it is known that the power level is locked or fixed throughout the duration of the measurement and for all spatial directions. This offers the advantage of potentially reducing measurement time.
Observation  AUTONUM  \* Arabic \s :  Power locking might be necessary when an antenna pattern is formed for transmission and measurement purposes.
3. Examples
To support the foregoing discussion, a number of examples are presented in this section.
In Figure 1 the UE beam pattern is locked at the so-called on-axis position. Although the pattern is locked for all (spatial) measurement directions, the UE transmit power control mechanism is allowed to be free-running. Consequently, the UE power is not locked and therefore, when off-axis measurements are made, the UE transmit power could change according to its power control mechanism. This could result in the “size” of the pattern becoming a function of the UE rotation angle as shown in the figure. Clearly, a power lock function would prevent this from happening.
[image: image1.png]UE Rotation
Tx. beam pattern

________________________ DL connection |  GNB
Emulator

_/

Tx. beam pattern




Figure 1 During spatial measurement of a UE pattern-related metric (e.g. EIRP), changes in the UE transmit power cause inaccuracies.
Observation  AUTONUM  \* Arabic \s :  Open-loop power control mechanisms, implemented in the UE, could affect the accuracy of UE power-related measurements.

A second example is shown in Figure 2 wherein the Tx and Rx beam patterns have been simultaneously locked and through which the latter provides a downlink connection to the UE. For certain off-axis measurement positions, in which the Rx pattern presents a “weak” lobe or, worse still, a null in the direction of the gNB emulator, the RRC_connnected state could be lost. This would adversely affect the measurement process since not only is data lost but reconnection would be necessary thus increasing the test time. Again, a power lock function would prevent this from happening.
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Figure 2 A spatial measurement of a UE pattern-related metric in which the Tx and Rx beam patterns have been simultaneously locked. The RRC_connected state is lost when the Rx beam is no longer capable of maintaining the downlink connection.
Observation  AUTONUM  \* Arabic \s :  Power locking offers the advantage of potentially reducing measurement time.

Figure 3 presents a third example in which the UE Tx and Rx beam patterns have been locked independently. During a spatial measurement in which the UE is rotated off-axis, the UE is able to adjust its Rx beam pattern towards the gNB emulator (antenna). Even though Rx beam pattern misalignments might occur—shown in the figure by broken lines—the RRC_connected state is maintained. The preservation of this state does not however prevent the UE and gNB emulator together forming a closed-loop system in which UE power control commands are sent from the gNB emulator to the UE.
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Figure 3 A spatial measurement of a UE pattern-related metric in which the Tx beam pattern is locked. The Rx beam pattern is not only independent of the Tx beam pattern but is also free to form a beam in the direction of the gNB emulator.
Observation  AUTONUM  \* Arabic \s :  Closed-loop power control mechanisms, implemented between the gNB emulator and the UE, could affect the accuracy of UE power-related measurements.

Figure 4 presents in the form of a flow diagram an example of the procedure for the measurement of UE power in transmission. Without loss of generality, the concept is extendable and applicable to the additional examples described previously.
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	1. A UE is placed in the test position – most likely to be mounted on the positioner.
2. A gNB emulator as part of the measurement setup is positioned at some distance away from the DUT. This distance will be defined by the RAN4 community. Cell identification procedure would occur and a link is established between the UE and the gNB emulator.
3. Through the test interference, the gNB executes the power locking routine, within this routine one or more combinations of the following commands can be executed.
a. Fix the configuration of all power-related components at the transmitter.
b. Disable the power controlling loop at the UE (inner, outer or even both inner and outer).
4. Analyse the RF signal through the antenna that is attached to the gNB emulator (e.g. power measurement). A switch box can be used to route the received signal to suitable instrumentation to assure more accurate measurement (than relying on the gNB emulator).
a. Rotate the DUT to the required points on a (uniform/non-uniform) spherical grid and measure at each point.
5. Validate the presence of the beam main lobe at the home axes right after reaching it. This is in order to make sure that nothing has corrupted the measurement procedure.
6. Signal the UE to disable power locking.
7. [optional step] Repeat the procedure for all available (supported-by-the-UE) beam indices.

	Figure 4: An example of a flow chart that illustrates the concept of UE measurement in which the (transmission) power is locked, one or more measurements are made and then the (transmission) power lock is released. The numbered list to the right corresponds to the process flow shown to the left.



4. Conclusion
This contribution discusses the UE power lock function (UPF) and makes the following observations:
Observation 1: Power locking might be necessary when an antenna pattern is formed for transmission and measurement purposes.
Observation 2: Open-loop power control mechanisms, implemented in the UE, could affect the accuracy of UE power-related measurements.


Observation 3: Power locking offers the advantage of potentially reducing measurement time.
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Observation 4: Closed-loop power control mechanisms, implemented between the gNB emulator and the UE, could affect the accuracy of UE power-related measurements.


In view of observations 1-4, the following proposals are made:
Proposal 1: Investigate the need for a power lock function.

Proposal 2: The introduction of commands to perform the function of ACTIVATE POWER-LOCK, ACTIVATE POWER-LOCK COMPLETE, DEACTIVATE POWER-LOCK and DEACTIVATE POWER-LOCK COMPLETE.
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