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1
Introduction
In FR2 enhanced test method SI, there is an objective to support extreme temperature conditions for all applicable FR2 UE RF test cases [1]. The test methods and measurement uncertainty have been discussed in the SI. Some conclusions show that the core requirements may be impacted due to the ETC condition, and the applicability of some RF requirements should be re-considered. Based on the guidance from GTW session, the ETC impacts on RF core requirements should be discussed in the Rel-15 UE RF maintenance item. 
This paper discusses the applicability of RF requirements on ETC.

2
Discussion

2.1  Reviews of ETC Testability discussion 
In RAN4#97e meeting, the ETC was discussed and the agreements on test system and impacts on core requirements have been achieved [2]:  


[image: image1]
It is clear that, from testability perspective the 3D scan of ETC test system is available. However, the impacts on test system and core requirements are FFS. The discussion of ETC topic is divided into two parts discussion:
1. The MU and test impacts of test system; 
2. The applicability of NTC (normal temperature condition) core requirements (or how to treat the requirement that are not verified under ETC)

In RAN4#98e meeting, discussions have been made on the above two aspects. Regarding the test system impacts, agreements on test procedure and temperature tolerance have been made [3]:


[image: image2]
We now have information from test equipment vendors that a 3D scan under ETC is feasible to implement in a chamber, but this does not change the underlying assumptions used in the core requirement derivation. 
The impacts on ETC test system have been discussed, and the conclusion is that additional temperature tolerance for FR2 ETC system is needed, to ensure the stable ETC measurement. 
Observation 1: From testability perspective, the supporting of 3D scan with extreme temperature condition is confirmed. The impacts on test system under ETC condition is under discussion in FR2 enhanced test methods SI.

In RAN4#98bis-e meeting,
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However, the impacts on UE performance under ETC is related to the applicability and relaxation of core requirement, which should be discussed in FR2 RF maintenance item. No further progress on the applicability of core requirements and ETC impacts on UE RF performance after RAN4#98e meeting. Some proposals/views have been shared in the email discussion [5][6]. Whether the restriction in 38.101-2 shall be removed or not should be discussed in UE RF session.
Observation 2: The impacts on UE performance under ETC is related to the applicability or relaxation of core requirement, which is suggested to be discussed in Rel-15 FR2 RF TEI based on RAN4 leadership guidance.

2.2  Applicability of Rel-15 core requirements  
Therefore, in this part we focus on the discussion on:
1. Applicability of RF requirements on ETC, 
2. Potential relaxation of core requirement due to ETC, 

By now, there is clear restriction in 38.101-2 that: In 38.101-2, some requirements are clearly stated not applicable for ETC testing, including: UE EIRP and EIS spherical coverage, Power control, EVM, and UE beam correspondence, due to 3D scan is not supported under ETC system.
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Observation 3: The following core requirements are Not applicable for extreme environmental testing conditions (i.e. defined based on normal conditions), i.e., EIRP/EIS spherical coverage, Power control, EVM/EVM equalizer spectrum flatness, Beam correspondence.
Observation 4: Among the requirements in observation 3, the following requirements are only applicable (i.e. defined based on) for normal conditions, i.e., Power control (Single carrier/CA), EVM/ EVM spectral flatness (Single carrier/CA/UL MIMO).
Proposal 1: Based on the clear applicability of the requirements of Power control (Single carrier/CA), EVM/ EVM spectral flatness (Single carrier/CA/UL MIMO), RAN4 can conclude that these requirements are only for NTC. 
Observation 5: EIRP/EIS spherical coverage (Single carrier/CA/UL MIMO) and Beam correspondence are verified only under normal thermal conditions. Companies still share different views on whether these requirements are defined based on NTC or not. 
Proposal 2: RAN4 should limit the ETC requirement discussion on spherical coverage and beam correspondence, and further discuss the necessity on ETC test for these two RF requirements.

There are two different views on the restriction of the ETC on spherical coverage and beam correspondence:
· Option 1: the Rel-15 spherical coverage and beam correspondence requirements in TS 38.101-2 are defined based on the NTC&ETC assumption, the restriction of these requirements is related to testability issues, now 3D scan is available so these requirements can be applied to ETC directly without modification. 
· Option 2: the Rel-15 spherical coverage and beam correspondence requirements in TS 38.101-2 are defined based on the NTC assumption, core requirement relaxation for extreme temperature conditions have not been considered, if these requirements need to be tested under ETC, the UE performance impact should be discussed 

· Alt 1: Relax the core requirement 

· Alt 2: Define new test case for spherical coverage under ETC

The impacts of UE performance have not been well studied, it is not reasonable to remove the restrictions in 38.101-2 at this stage. Hence, if we plan to verify spherical coverage under ETC, further discussion on requirement relaxation is needed due to ETC condition.
Proposal 3: RAN4 need to study the impacts of spherical coverage and beam correspondence requirements under ETC, or define new requirements for ETC spherical coverage and ETC beam correspondence.

2.3  Next steps for requirement under ETC 
The ETC restrictions on verification of some requirement in 38.101-2 can not be removed before the ETC testability is confirmed in RAN4 from UE RF requirement applicability perspective. RAN4 need to study the impacts of UE performance under ETC, then the next steps discussion should be based on previous RAN4 agreement on the impacts of core requirements [2]; 
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Proposal 4: A simulation campaign is needed to calculate the impacts of temperature on spherical coverage and beam correspondence.
2.4  LS to RAN5 on the applicability of RF requirement on ETC  
RAN5 is discussing the applying all the RF test cases to ETC for one-step, we believe clear guidance on the applicability of the RF requirements on ETC or not, should be informed to RAN5 asap.  
Proposal 5: Send a LS to RAN5 to clarify the applicability of RF core requirement with applicability restrained to NTC.
A draft LS is prepared in the Annex.

3 Conclusion

This paper, we discuss the applicability of RF requirements on ETC:

Observation 1: From testability perspective, the supporting of 3D scan with extreme temperature condition is confirmed. The impacts on test system under ETC condition is under discussion in FR2 enhanced test methods SI.

Observation 2: The impacts on UE performance under ETC is related to the applicability or relaxation of core requirement, which is suggested to be discussed in Rel-15 FR2 RF TEI based on RAN4 leadership guidance.

Observation 3: The following core requirements are Not applicable for extreme environmental testing conditions (i.e. defined based on normal conditions), i.e., EIRP/EIS spherical coverage, Power control, EVM/EVM equalizer spectrum flatness, Beam correspondence.
Observation 4: Among the requirements in observation 3, the following requirements are only applicable (i.e. defined based on) for normal conditions, i.e., Power control (Single carrier/CA), EVM/ EVM spectral flatness (Single carrier/CA/UL MIMO).
Observation 5: EIRP/EIS spherical coverage (Single carrier/CA/UL MIMO) and Beam correspondence are verified only under normal thermal conditions. Companies still share different views on whether these requirements are defined based on NTC or not. 

Proposal 1: Based on the clear applicability of the requirements of Power control (Single carrier/CA), EVM/ EVM spectral flatness (Single carrier/CA/UL MIMO), RAN4 can conclude that these requirements are only for NTC. 
Proposal 2: RAN4 should limit the ETC requirement discussion on spherical coverage and beam correspondence, and further discuss the necessity on ETC test for these two RF requirements.

Proposal 3: RAN4 need to study the impacts of spherical coverage and beam correspondence requirements under ETC, or define new requirements for ETC spherical coverage and ETC beam correspondence.
Proposal 4: A simulation campaign is needed to calculate the impacts of temperature on spherical coverage and beam correspondence.

Proposal 5: Send a LS to RAN5 to clarify the applicability of RF core requirement with applicability restrained to NTC.
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1
Overall description

RAN4 has discussed the applicability of RF requirements under ETC and achieved following agreements.

· Requirements of Power control (Single carrier/CA), EVM/ EVM spectral flatness (Single carrier/CA/UL MIMO) are defined and verified under NTC.
· Current spherical coverage and beam correspondence requirements are only applicable for NTC.

· RAN4 is working on the relaxation of spherical coverage and beam correspondence for ETC. 

After concluding on the spherical coverage and beam correspondence requirements for ETC, the testability can be confirmed.

2
Actions

To RAN5: 

ACTION: 
RAN4 respectfully asks RAN5 to take the above decision into consideration in their future work.
3
Dates of next TSG-RAN WG4 meetings
TSG WG4 Meeting #100-e
16-27 August, 2021 



E-meeting
TSG-RAN WG4 Meeting #100bis-e                           
 1-12 November, 2021    

     E-meeting
Way forward on FR2 ETC


From testing system perspective, the supporting of 3D scan with extreme temperature condition is confirmed by at least one TE vendor. 


RAN4 needs to further quantify and mitigate the impacts due to ETC 3D scan solution, and discuss how to treat some RF requirements applicability restrained to NTC. 


The impacts on requirements, measurement uncertainty and testing time should be quantified in RAN4


RAN4 to calculate the EIRP shift of each point induced by thermal effect during the 3D scan, and the deviation should be considered as one of the aspects for test tolerance  


Perform simulation to calculate the impacts of temperature on FR2 beamforming, and analyse the performance difference under 3D scan (spherical coverage and TRP) with ETC and NTC


Identify new MU elements related to ETC testing, and test tolerance of [x] dB is required to address the measurement impact under ETC


Simulation assumption for ETC


Details of test methods enhancement need to be further discussed.


The basic UE assumption in [R4-1902684] for Spherical coverage can be reused for extreme temperature condition simulation to identify the impacts on UE performance


LNA noise figure, magnitude error, phase shifter, and RSRP error would be aspects can be considered








ETC impact on test system


EIRP/EIS beam peak searching procedure under ETC:


Option 1: perform 3D scan 


Option 2: beam peak search within a certain cone of directions around peak position under NTC (by declaration or NTC peak searching results)


-> By default, option 1 applied; if declaration present from UE vendor, then option 2 applied.


Note: option1 is needed for UE with best antenna panel switch based on temperature and/or UE  without declaration present (Further work on the texts into TR if needed)


RAN4 agrees to define a temperature tolerance for FR2 ETC system. Several aspects need to consider:


an accuracy of temperature control by an air conditioner 


accuracy of a thermocouple to measure a temperature in the ETC enclosure 


The value of temperature tolerance is FFS.


[+/- 4] degrees Celsius tolerance is the starting point


Test only can be executed under target temperature within the tolerance








ETC 


NOTE: outcome of Issue 4-1-2


Agreement


Given that ETC MU assessment (23.45GHz - 40.8GHz) of EIRP and EIS has been finalized in RAN5, the additional 0.28dB MU induced by ETC system can be considered as an example conclusion added to TR38.884.


Given the MU assessment in RAN5 is only up to 40.8GHz, it is still valuable to perform the preliminary MU assessment of ETC to 49GHz in this SI, to cover the new n262 band, and conclude the ETC feasibility of this band.


UE vendors to provide feedback whether +/-4 degrees of temperature tolerance (compared to +/-2 for FR1) introduces additional MU, TT or core requirement relaxation








 1.UE EIRP spherical coverage (Single carrier/CA/UL MIMO)


Table 6.2.1.1-3: UE spherical coverage for power class 1


Operating band�
Min EIRP at 85 %-tile CDF (dBm)�
�
n257�
32.0�
�
n258�
32.0�
�
n260�
30.0�
�
n261�
32.0�
�
NOTE 1:	Minimum EIRP at 85 %-tile CDF is defined as the lower limit without tolerance


NOTE 2:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.�
�
Table 6.2.1.2-3: UE spherical coverage for power class 2


Operating band�
Min EIRP at 60 %-tile CDF (dBm)�
�
n257�
18.0�
�
n258�
18.0�
�
n261�
18.0�
�
NOTE 1:	Minimum EIRP at 60 %-tile CDF is defined as the lower limit without tolerance


NOTE 2:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.�
�
Table 6.2.1.3-3: UE spherical coverage for power class 3


Operating band�
Min EIRP at 50 %-tile CDF (dBm)�
�
n257�
11.5�
�
n258�
11.5�
�
n259�
5.8�
�
n260�
8�
�
n261�
11.5�
�
NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance


NOTE 2:	Void


NOTE 3:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.�
�
Table 6.2.1.4-3: UE spherical coverage for power class 4


Operating band�
Min EIRP at 20 %-tile CDF (dBm)�
�
n257�
25�
�
n258�
25�
�
n260�
19�
�
n261�
25�
�
NOTE 1:	Minimum EIRP at 20 %-tile CDF is defined as the lower limit without tolerance


NOTE 2:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.�
�
 2.Power control (Single carrier/CA)


6.3.4	Power control


6.3.4.1	General


The requirements on power control accuracy apply under normal conditions and are defined as a directional requirement. The requirements are verified in beam locked mode on beam peak direction.


6.3A.4	Power control for CA


6.3A.4.1	General


The requirements in this clause apply to a UE when it has at least one of UL or DL configured for CA operation. The requirements on power control accuracy in CA operation apply under normal conditions and are defined as a directional requirement. The requirements are verified in beam locked mode on beam peak direction. The requirements apply for one single PUCCH, PUSCH or SRS transmission of contiguous PRB allocation per configured UL CC with power setting in accordance with Clause 7.1 of [10] 


3.Error vector magnitude


Table 6.4.2.1-2: Parameters for Error Vector Magnitude for power class 1


�
Parameter�
Unit�
Level�
�
UE EIRP�
dBm�
( 4�
�
UE EIRP for UL 16 QAM�
dBm�
( 7�
�
UE EIRP for UL 64 QAM�
dBm�
( 11�
�
Operating conditions�
�
Normal conditions�
�
Table 6.4.2.1-3: Parameters for Error Vector Magnitude for power class 2, 3, and 4


�
Parameter�
Unit�
Level�
�
UE EIRP�
dBm�
( -13�
�
UE EIRP for UL 16 QAM�
dBm�
( -10�
�
UE EIRP for UL 64 QAM�
dBm�
( -6�
�
Operating conditions�
�
Normal conditions�
�






 4. EVM equalizer spectrum flatness 


Table 6.4.2.4-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)


Frequency range�
Maximum ripple (dB)�
�
|FUL_Meas – F_center| ≤ X MHz 


(Range 1)�
6 (p-p)�
�
|FUL_Meas – F_center| > X MHz


(Range 2)�
9 (p-p)�
�
NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated


NOTE 2:	F_center refers to the center frequency of the CC


NOTE 3:	X, in MHz, is equal to 30 % of the CC bandwidth�
�
Table 6.4.2.5-1: Mask for EVM equalizer coefficients for pi/2 BPSK (normal conditions)


Frequency range�
Parameter �
Maximum ripple (dB)�
�
|FUL_Meas – F_center| ≤ X MHz


(Range 1)�
X1�
6 (p-p)�
�
|FUL_Meas – F_center| > X MHz 


(Range 2)�
X2�
14 (p-p)�
�
NOTE 1:	FUL_Meas  refers to the sub-carrier frequency for which the equalizer coefficient is evaluated


NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs


NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation


NOTE 4:	See Figure 6.4.2.5-1 for description of X1, X2 and X3�
�
5. EVM/ EVM spectral flatness for UL MIMO


6. Beam correspondence for power class 3


Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3


Operating band�
Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)�
�
n257�
3.0�
�
n258�
3.0�
�
n259�
3.2�
�
n260�
3.2�
�
n261�
3.0�
�
NOTE:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1�
�
7. EIS spherical coverage 


Table 7.3.4.1-1: EIS spherical coverage for power class 1


Operating band�
EIS at 85th %-tile CCDF (dBm) / Channel bandwidth�
�
�
50 MHz�
100 MHz�
200 MHz�
400 MHz�
�
n257�
-89.5�
-86.5�
-83.5�
-80.5�
�
n258�
-89.5�
-86.5�
-83.5�
-80.5�
�
n260�
-86.5�
-83.5�
-80.5�
-77.5�
�
n261�
-89.5�
-86.5�
-83.5�
-80.5�
�
NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.�
�
Table 7.3.4.2-1: EIS spherical coverage for power class 2


Operating band�
EIS at 60th %-tile CCDF (dBm) / Channel bandwidth�
�
�
50 MHz�
100 MHz�
200 MHz�
400 MHz�
�
n257�
-81.0�
-78.0�
-75.0�
-72.0�
�
n258�
-81.0�
-78.0�
-75.0�
-72.0�
�
n261�
-81.0�
-78.0�
-75.0�
-72.0�
�
NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.�
�
Table 7.3.4.3-1: EIS spherical coverage for power class 3


Operating band�
EIS at 50th %-tile CCDF (dBm) / Channel bandwidth�
�
�
50 MHz�
100 MHz�
200 MHz�
400 MHz�
�
n257�
-77.4�
-74.4�
-71.4�
-68.4�
�
n258�
-77.4�
-74.4�
-71.4�
-68.4�
�
n259�
-71.9�
-68.9�
-65.9�
-62.9�
�
n260�
-73.1�
-70.1�
-67.1�
-64.1�
�
n261�
-77.4�
-74.4�
-71.4�
-68.4�
�
NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.�
�
Table 7.3.4.4-1: EIS spherical coverage for power class 4


Operating band�
EIS at 20th %-tile CCDF (dBm) / Channel bandwidth�
�
�
50 MHz�
100 MHz�
200 MHz�
400 MHz�
�
n257�
-88.0�
-85.0�
-82.0�
-79.0�
�
n258�
-88.0�
-85.0�
-82.0�
-79.0�
�
n260�
-83.0�
-80.0�
-77.0�
-74.0�
�
n261�
-88.0�
-85.0�
-82.0�
-79.0�
�
NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4


NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.�
�












The impacts on requirements, measurement uncertainty and testing time should be quantified in RAN4


RAN4 to calculate the EIRP shift of each point induced by thermal effect during the 3D scan, and the deviation should be considered as one of the aspects for test tolerance  


Perform simulation to calculate the impacts of temperature on FR2 beamforming, and analyse the performance difference under 3D scan (spherical coverage and TRP) with ETC and NTC


Simulation assumption for ETC


The basic UE assumption in [R4-1902684] for Spherical coverage can be reused for extreme temperature condition simulation to identify the impacts on UE performance


LNA noise figure, magnitude error, phase shifter, and RSRP error would be aspects can be considered











