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[bookmark: _Ref463014664]1.	Introduction
TS 38.133 [1] has defined NR (both EN-DC and SA) test scenarios presenting a combination of FR1 and FR2 cells. Depending on the scenario, the FR1 and FR2 cells can take the role of serving (PCell, SCell), neighbor or mobility target cell.

This paper presents some testability issues observed in radiated FR2 testing that could have impact to FR1+FR2 testing, as well as our view on how to resolve the many different issues that can be encountered as consequence of this link.

2.	Discussion
After carefully reviewing the FR1+FR2 RRM test cases proposed by RAN4, we observe that FR1 has been added just as a functional noiseless link (ref. 38.133 [1] section A.3.7A, 38.533 [2] section A.6A) and therefore has not specified any concrete configuration and/or parameters:

	A.3.7A	NR FR1-FR2 test setup
Some Test cases in clause A.7 have NR cells in both FR1 and FR2. Unless otherwise stated within the test, the NR FR1 Cell signal is required only to provide a link to the UE under test. The Test System shall provide a stable and noise-free NR FR1 signal without need of precise propagation modelling, path loss and polarization control. Further details of the NR FR1 signal configuration are not defined as part of the cell specific test parameters, since the NR FR1 link is not under performance verification and shall not affect the test result unless otherwise specifically stated in the test case.
Ref. 38.133 [1]



Three observations can be derived from this snippet:

First, the NR FR1 signal is expected to provide a stable and noiseless link. This link is not expected to be neither modeled, nor properly compensated and/or calibrated, and therefore not tested. The understanding is that none of these actions is explicitly enforced and therefore the link is left to TE implementation, as long as it serves the purpose of the test.

Observation1: The NR FR1 signal is expected to provide a stable and noiseless, however unmodeled and uncalibrated, link to the UE.

Second, the NR FR1 link shall not be considered suitable to conduct any performance verification, and moreover, shall not have any impact to the result of the test. Therefore, no performance assessment shall be performed using this link, even if it is partially. This link is expected to be completely transparent to the test outcome and goal, and its performance and reliability are not guaranteed by any means.

Observation2: No performance assessment shall be performed using this link, even if it is partially.

[bookmark: _Hlk127299010]Third, because of Observation2, the UE shall not be considered at fault in any form for any performance or reliability failure caused by this FR1 link.

Observation3: The UE shall not be considered at fault in any form for any performance or reliability failure caused by this FR1 link.

Considering these three observations, we notice that most RRM FR1+FR2 test requirements relay, either fully or partially, on this FR1 link. In the following table, we present the list of impacted FR1+FR2 test cases:

	Test Case
	Test Case Name

	A.5.3.3
	Handover with PSCell with known FR2 target PSCell

	A.5.3.3.3
	PUCCH Scell Activation and deactivation of known Scell in FR2

	A.5.3.3.4
	PUCCH Scell Activation and deactivation of unknown Scell in FR2

	A.5.3.3.6
	SCell Activation and deactivation of unknown PUCCH SCell and unknown DL SCell in FR2 in non-DRX 

	A.5.5.3.2
	SCell Activation and deactivation of known SCell in FR1 for 160ms SCell measurement cycle

	A.5.5.3.5
	SCell Activation and deactivation of SCell in FR2 

	A.5.5.6.4.2
	E-UTRAN – NR FR1 PSCell SCell dormancy switch of two FR2 SCells outside active time

	A.5.6.2.5
	EN-DC event triggered reporting tests for FR2 cell without SSB time index detection when DRX is not used

	A.5.6.2.6
	EN-DC event triggered reporting tests for FR2 cell without SSB time index detection when DRX is used

	A.5.6.2.7
	EN-DC event triggered reporting tests for FR2 cell with SSB time index detection when DRX is not used

	A.5.6.2.8
	EN-DC event triggered reporting tests for FR2 cell with SSB time index detection when DRX is used

	A.5.7.1.3
	EN-DC inter-frequency measurement accuracy with FR1 serving cell and FR2 target cell

	A.7.3.1.1
	Inter-frequency handover from FR1 to FR2; unknown target cell

	A.7.3.1.4
	Inter-band inter-frequency synchronous DAPS handover from FR1 to FR2

	A.7.3.1.5
	Inter-band inter-frequency asynchronous DAPS handover from FR1 to FR2

	A.7.3.1.11
	Inter-frequency handover from FR1 to FR2-2; unknown target cell

	A.7.5.3.2
	SCell Activation and deactivation for FR1+FR2 inter-band with target SCell in FR2

	A.7.5.3.6
	PUCCH SCell activation and deactivation for FR1+FR2 inter-band with target SCell in FR2 and known

	A.7.5.3.7
	PUCCH SCell activation and deactivation delay requirements of FR2 unknown cell with FR1 Pcell

	A.7.5.3.12
	PSCell RACH-less based Activation and deactivation for FR1+FR2 inter-band with target PSCell in FR2

	A.7.5.3.15
	PSCell RACH-less based Activation and deactivation for FR1+FR2 inter-band with target PSCell in FR2

	A.7.5.6.1.2
	NR FR1- NR FR2 DL active BWP switch of SCell with non-DRX in SA

	A.7.5.6.4.2
	NR FR1 PCell SCell dormancy switch of two FR2 SCells outside active time

	A.7.5.7.1
	Addition and Release Delay of known NR PSCell in FR2-2

	A.7.5.7.2
	Addition and Release Delay of unknown NR PSCell in FR2-2

	A.7.5.12.1
	Addition and Release Delay of PSCell

	A.7.6.2.5
	SA event triggered reporting tests for FR2 without SSB time index detection when DRX is not used (PCell in FR1)

	A.7.6.2.6
	SA event triggered reporting tests for FR2 without SSB time index detection when DRX is used (Pcell in FR1)

	A.7.6.2.7
	SA event triggered reporting tests for FR2 with SSB time index detection when DRX is not used (PCell in FR1)

	A.7.6.2.8
	SA event triggered reporting tests for FR2 with SSB time index detection when DRX is used (PCell in FR1)

	A.7.6.2.16
	SA event triggered reporting tests for FR2-2 without SSB time index detection when DRX is not used (PCell in FR1)

	A.7.6.2.17
	SA event triggered reporting tests for FR2-2 without SSB time index detection when DRX is used (PCell in FR1)

	A.7.6.2.18
	SA event triggered reporting tests for FR2-2 with SSB time index detection when DRX is not used (PCell in FR1)

	A.7.6.2.19
	SA event triggered reporting tests for FR2-2 with SSB time index detection when DRX is used (PCell in FR1)

	A.7.7.1.3
	SA inter-frequency measurement accuracy with FR1 serving cell and FR2 target cell



Taking two examples:

Example1:
	A.7.6.2.6	SA event triggered reporting tests for FR2 without SSB time index detection when DRX is used (Pcell in FR1)
[. . .] In this test, there are two cells: NR cell 1 as Pcell in FR1 on NR RF channel 2 and NR cell 2 as neighbour cell in FR2 on NR RF channel 2. [. . .]
In the measurement control information, it is indicated to the UE that event-triggered reporting with Event A4 is used. The test consists of two successive time periods, with time duration of T1, and T2 respectively. During time duration T1, the UE shall not have any timing information of NR cell 2. [. . .]
Table A.7.6.2.6.1-3: Cell specific test parameters for SA inter-frequency event triggered reporting for FR2 without SSB time index detection
	Parameter
	Unit
	Test configuration
	Cell 1 (FR1)
	Cell 2 (FR2)

	
	
	
	T1
	T2
	T1
	T2

	AoA setup
	
	Config 1,2,3
	NA
	Setup 1 as specified in clause A.3.15

	

	dBm/15kHz
	
	NA
Link only, see clause A.3.7A
	-104.7

	SSB_RP
	dBm/SCS
	Config 1,2
	
	-Infinity
	-86.7

	
	
	Config 3
	
	-Infinity
	-86.7

	

	dB
	Config 1,2,3
	
	-Infinity
	9

	

	dB
	Config 1,2,3
	
	-Infinity
	9



[. . .] A.7.6.2.6.2	Test Requirements
In test 1 with per-UE gap and in test 3 without the gap, the UE shall send one Event A4 triggered measurement report, with a measurement reporting delay less than X1 ms from the beginning of time period T2 [. . .]. 
In test 2 with per-UE gap and in test 4 without the gap, the UE shall send one Event A4 triggered measurement report, with a measurement reporting delay less than X2 ms from the beginning of time period T2 [. . .]. 
Ref. 38.133 [1]




Test case 7.6.2.6 presents an inter-frequency event-triggered measurement reporting test case where the PCell is on an FR1 uncalibrated link, and the neighbor cell is on an FR2 band.

We notice that RAN4 has purposely updated the event type to be A4, so no FR1 downlink signal level assessment is considered to trigger the measurement report. While this is helpful, it only resolves half of the problem: once the UE triggers the event, the measurement report needs to be transmitted over the uncalibrated FR1 link, which is not reliable and therefore not guaranteed to work flawlessly. To do so, the UE needs to perform the following actions on this link:
· PDCCH detection and decoding of a DCI carrying with UL grant indication
· Transmission of the measurement report over PUSCH whose Tx power will have a dependency of the UE-perceived path loss of this link

None of the above actions is guaranteed -by spec, calibration, or any other verifiable means- to succeed and they will play a key role in the outcome of the test, not only in the ability of the UE to deliver the measurement report, but also its delay.

Example2:
	A.5.5.3.2	SCell Activation and deactivation of known SCell in FR1 for 160ms SCell measurement cycle
[. . .] The purpose of this test is to verify that the SCell activation and deactivation times are within the requirements stated in clause 8.3, when the [PSCell is in FR2 and the] SCell in FR1 is known by the UE at the time of activation.[. . .] The general test parameters are the same in Table A.4.5.3.1.1-2. [. . .]

Table A.4.5.3.1.1-2: General test parameters for known FR1 SCell activation case, 160ms SCell measurement cycle
	Parameter
	Unit
	Value
	Comment

	T1
	s
	7
	During this time the PSCell shall be known and the SCell configured and detected.

	T2
	s
	1
	During this time the UE shall activate the SCell.

	T3
	s
	1
	During this time the UE shall deactivate the SCell.



[. . .] 
Table A.5.5.3.2.1-3: OTA related test parameters for FR1 SCell activation case with FR2 PSCell
	Parameter
	Unit
	Cell 2 (FR2)
	Cell 3 (FR1)

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	Angle of arrival configuration
	
	Setup 1 according to clause A.3.15.1
	

	

	dBm/15kHz
	-104.7
	

	

	Config 1,2,4,5
	dBm/SCS
	-95.7
	NA
Link only, see clause 

	
	Config 3,6
	
	
	A.3.7A

	SSB_RP
	Config 1,2,4,5
	dBm/SCS
	-88.7
	

	
	Config 3,6
	
	
	

	

	Config 1,2,3,4,5,6
	dB
	7
	

	

	dB
	7
	



[. . .] 
A.5.5.3.2.2	Test Requirements
The test requirements defined in clause A.4.5.3.1.2 shall apply to this test case.

A.4.5.3.1.2	Test Requirements
[. . .] During T2 the UE shall start sending CSI reports for SCell with non-zero CQI index at latest in a slot , Tactivation_time = TFirstSSB+ 5ms, as defined in clause 8.3.

A.5.5.3.5	SCell Activation and deactivation of SCell in FR2
[. . .] The test consists of three successive time periods, with duration of T1, T2 and T3, respectively. There are three carriers, E-UTRA has one cell (Cell 1), NR has two cells, PSCell (Cell 2) in FR1 and SCell (Cell 3) in FR2. Cell 1 and Cell 2 have constant signal levels throughout the test. Before the test starts the UE is connected to Cell 1 (PCell) on E-UTRAN and Cell 2 (PSCell) on NR, but is not aware of Cell 3 (SCell) on NR. The UE is monitoring the PCell and PSCell. The UE shall be continuously scheduled in the PCell and PSCell throughout the whole test.
At the beginning of T1 the UE receives an RRC message by which the SCell (Cell 3) becomes configured on NR. During T1 the SCell is powered off and UE is not aware of SCell. 
A MAC message for activation of SCell is sent by the test equipment 100ms after the RRC message, in a slot # denoted m. The point in time at which the MAC message for activation of SCell is received at the UE antenna connector defines the start of time period T2.
During T2, the test equipment monitors the L1-RSRP measurement reporting for the SCell. The time when test equipment receives a valid L1-RSRP report is denoted as slot m+TL1-RSRP. In the next DL slot after slot m+TL1-RSRP, the test equipment sends a MAC message for the activation of the TCI state of the RMC CORESET of the SCell. In the same slot, the test equipment also sends an RRC message to configure the CSI-RS resources for SCell.
Time period T3 starts when a MAC message for deactivation of the SCell, sent from the test equipment to the UE in a slot # denoted n, is received at the UE antenna connector.
The test equipment verifies that potential interruption is carried out in the correct time span by monitoring ACK/NACK sent in PCell and PSCell during activation of SCell, respectively.
The test equipment verifies the activation time by counting the slots from the time when the SCell activation command is sent until a CSI report with other than CQI index 0 is received. 
The test equipment verifies the deactivation time by counting the slots from the time when the SCell1 deactivation command is sent until CSI reporting for SCell1 is discontinued.

Ref. 38.133 [1]




Taking another example, RRM test case A.5.5.3.2 presents an NR FR2 PSCell with a deactivated NR FR1 SCell. We observe that the NR FR1 SCell is not guaranteed to be detectable due to the uncalibrated characteristics of the FR1 link. At some point during the test, this SCell gets activated via MAC-CE reception in the PSCell, which may cause an RLF in the SCell in case it did not get detected. Impact to the PDSCH interruption due to SCell RLF is not in the scope of this test and therefore cannot be assumed as negligible.

We also observe that the UE is required to periodically report non-zero CQI for the SCell, over PSCell UL. Following the above observation, if the SCell cannot be detected, the UE may not be able to report non-zero CQI for it.

A much worse scenario is presented in case we flip the PSCell and SCell, as it happens in test A.5.5.3.5, where the PSCell is FR1 and the SCell is FR2. In such case, the PSCell may not be detectable itself, so the test can potentially end in an SCG add failure when attempting to connect to the PSCell itself.

In slots #m and #n, the SS transmits a MAC-CE with SCell activation or deactivation, respectively, none of which is guaranteed to be received at the UE. These messages are critical to the test case flow and missing them will have direct consequences to the test outcome. A similar conclusion can be reached regarding the TCI state activation and CSI-RS resource configuration messages transmitted during T2.

Additionally, the UE is requested to transmit periodic L1-RSRP CSI reports over an uncalibrated FR1 link which, similarly to what we discussed in Example1, would be dependent on the UE-perceived path loss of the link and therefore not guaranteed to be successfully received by the SS.

Furthermore, the UE is scheduled in the FR1 PSCell throughout the test and the DTX count on these transmissions is used to asses the SCell activation and deactivation interruption impact on the PSCell. We observe that no PDCCH nor PDSCH transmission can be guaranteed to be correctly received on the FR1 link.

3.	Conclusion
We observe that there is a large variety of FR1+FR2 RRM test scenarios, each of which will be independently affected by not having the FR1 link properly defined and calibrated. This will result in false alarms and erratic test results, ultimately making the affected scenarios unreliable.

Based on the above observations, illustrated by some examples, we see that the right way to resolve all issues caused by this uncalibrated FR1 link is precisely to get it calibrated. It is our view that this single action will resolve all related issues and will therefore result in a fair testing setup in which test results are representative of the RRM performance status of the DUT instead of a best effort exercise.

It is worth mentioning that we have observed similar situations related to the uncalibrated LTE link in EN-DC FR2 test cases, which have resulted in substantial time/resources spent by different parties in order to ensure the suitability of the LTE link.

Proposal1:  Have the FR1 link properly defined and calibrated for FR1+FR2 RRM tests.
4.		References
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