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1
Introduction
RAN4 had specified the Rx requirements in TS 38.101-1 clause 7 with 2Rx requirements for all bands and 4Rx requirements for a sub-set of bands, and also specified the detailed applicability of Clause 7 requirements in clause 7.2 with the following clarifications [1]:  
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However, this will double the testing time for 4Rx bands, RAN5 had discuss this issue on whether it’s sufficient to just verify 4Rx performance in 4Rx bands, and achieved the following agreements in LS [2]:


[image: image2]
In the LS, actions from RAN4 are requested: 
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This contribution provides our views on the necessity of verifying RF 2Rx requirements with 4Rx capable UE, and an embedded draft reply LS is also prepared. 
2 Discussion
2.1  LTE RF 4Rx requirements applicability
In TS 36.101 clause 7.2 [3], the following exception clarification is specified by RAN4:
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Based on the clarification of the above NOTE in TS 36.101, RAN5 clarified the applicability of the Rx conformance test cases in TS 36.521-2 [4]. Because of the uncleared decision on REFSENS of 4Rx requirements in the square bracket, RAN5 made further decision that 2Rx REFSENS is tested only in 2Rx bands, and 4Rx REFSENS is tested in 4Rx bands. The detailed test case applicability from TS 36.521-2 is listed as following:
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Observation 1: For LTE RF conformance testing, only 4Rx testing is needed for LTE bands supporting 4Rx antenna ports.
2.2  NR 4Rx Demodulation requirements applicability
For demodulation requirements, similar approach has been adopted in TS 38.101-4 clause 5.1.1.2 with clarifications as following [5]: 
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Observation 2: For NR demodulation testing, only 4Rx requirements is required for UE supports only 4Rx or both 2Rx and 4Rx.     
2.3 4Rx requirements for NR MIMO OTA  
Following the similar decisions of NR demodulation requirements, initial agreements on 4Rx requirements applicability has been made and captured in the approved NR MIMO OTA WID [6] that only 4x4 MIMO OTA requirements will be specified for bands support 4Rx. 
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Observation 3: For NR MIMO OTA testing, only 4Rx requirements is required for UE bands supporting 4RX.    
2.4 4Rx requirements for FR1 RF    
As stated in the introduction part, both 2Rx and 4Rx requirements in RAN4 are required for the bands supporting 4Rx [7]. This applicability clarification was mainly based on the RAN plenary of mandating 4Rx as baseline for the band [8]. Based on RAN5 LS, both 2Rx and 4Rx requirement of single carrier REFSENS are suggested to test for 4Rx bands, and other Rx requirements tested with 4Rx antenna ports with corresponding requirements is sufficient to verify the Rx performance.   

Regarding the testing of single carrier REFSENS, in our understanding it is reasonable to check both the 2Rx performance and 4Rx performance for the bands supporting 4Rx. From the technical judgement perspective, there may be imbalance among different RF ports, and the desense impacts under 2Rx and 4Rx conditions may be different. Therefore, 4Rx REFSENS testing may not sufficiently identify or reflect the characteristic of 2Rx, additional 2Rx REFSENS testing is suggested. Considering REFSENS is always the 1st priority of Rx test cases, and the UE may fall back to 2Rx working mode in some real network condition, so we think it is beneficial to test both 2Rx and 4Rx for REFSENS requirement.
Observation 4: There may be imbalance among different RF ports, and the desense impacts under 2Rx and 4Rx conditions may be different. Both 2Rx and 4Rx testing is suggested for REFSENS requirement.

Regarding other Rx requirements in 4Rx bands, considering RF path imbalance and desense under 2Rx and 4Rx conditions have been verified in REFSENS test case, checking the main performance of 4Rx is sufficient. In addition, more CA and EN-DC combinations have been introduced, the testing time for the whole Rx requirements have been increased significantly. Following previous LTE RF requirements and NR demodulation requirements approach, we suggest to adopt a similar approach for other FR1 4Rx requirements. 
Observation 5: For other Rx test cases, testing the UE with 4Rx antenna ports with corresponding requirements is sufficient to verify the Rx performance in 4Rx bands.        

Proposal 1: Confirm the conclusions from RAN5 in LS [2] that for requirements other than single carrier REFSENS, testing the UE with 4Rx antenna ports with corresponding requirements is sufficient to verify the Rx performance.   
Go back to the single carrier REFSENS testing, if 2Rx shall be tested, then how to select the 2 antenna ports from 4 to keep the consistency is important for conformance testing. If each combination of the 4 ports are tested, then the whole testing time could be 6 time increasing. From the other point of view, the UE may fall back to specific 2Rx antenna configuration in the real network. Therefore, it is reasonable and also beneficial for certification perspective to connect the UE by declared 2Rx antenna ports to test 2Rx requirements on 4Rx bands.   
Observation 5: Considering the conformance certification process and UE behaviour in the real network, testing 2Rx REFSENS based on 2Rx antenna ports declared by UE is sufficient to verify 2Rx requirements on 4Rx bands.
Proposal 2: RAN4 confirms that, for single carrier REFSENS, 2Rx testing with connection of 2Rx antenna ports declared by UE is sufficient to identify 2Rx requirements on 4Rx bands.      
If the above proposals are agreed, the corresponding reply LS embedded in Annex A shall be sent to RAN5 to confirm the FR1 receiver conformance test cases. 
In addition, a draft CR to further clarify the application statement of receiver requirements in TS 38.101-1 clause 7.2 is suggested in Annex B, which could be a starting point to reflect the agreements in TS 38.101-1.  
3
Conclusion

This contribution provides our views on the necessity of verifying RF 2Rx requirements with 4Rx capable UE, and an embedded draft reply LS is also prepared.
Observation 1: For LTE RF conformance testing, only 4Rx testing is needed for LTE bands supporting 4Rx antenna ports.
Observation 2: For NR demodulation testing, only 4Rx requirements is required for UE supports only 4Rx or both 2Rx and 4Rx.   
Observation 3: For NR MIMO OTA testing, only 4Rx requirements is required for UE bands supporting 4RX.  
Observation 4: There may be imbalance among different RF ports, and the desense impacts under 2Rx and 4Rx conditions may be different. Both 2Rx and 4Rx testing is suggested for REFSENS requirement.

Observation 5: For other Rx test cases, testing the UE with 4Rx antenna ports with corresponding requirements is sufficient to verify the Rx performance in 4Rx bands.
Proposal 1: Confirm the conclusions from RAN5 in LS [2] that for requirements other than single carrier REFSENS, testing the UE with 4Rx antenna ports with corresponding requirements is sufficient to verify the Rx performance.  
Proposal 2: RAN4 confirms that, for single carrier REFSENS, 2Rx testing with connection of 2Rx antenna ports declared by UE is sufficient to identify 2Rx requirements on 4Rx bands.   
If the above proposals are agreed, the corresponding reply LS embedded in Annex A shall be sent to RAN5 to confirm the FR1 receiver conformance test cases. 
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1
Overall description

RAN4 would like to thank RAN5 for their LS R4-2009530 on RF testing of 4Rx capable UE. 

RAN4 has discussed the receiver requirements testing for 4Rx capable UEs, and has made the following agreement:

· For single carrier REFSENS requirement in 4Rx bands, both 2Rx and 4Rx requirements shall be tested. The 2Rx testing of REFSENS shall be performed with the connection of 2Rx antenna ports declared by UE.  
· For other Rx requirements, testing the UE with 4Rx antenna ports with corresponding requirements is sufficient to verify the Rx performance in 4Rx bands. 

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-RAN WG4 Meeting #97-e                          26 October-13 November, 2020    

E-meeting

TSG-RAN WG4 Meeting #98                            1-5 March, 2021                         TBD
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7.2
Diversity characteristics

The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.

For the REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports.
For other Rx requirements in Clause 7, the UE shall be verified with four Rx antenna ports in operating bands where the UE is equipped with four Rx antenna ports, with two Rx antenna ports for other bands.
The above rules apply for all clauses with the exception of clause 7.9.

7.2 Diversity characteristics


The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.


For the requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands. Additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports.


The above rules apply for all clauses with the exception of clause 7.9.





In 4Rx Bands, it is RAN5 view that for requirements other than single carrier REFSENS, testing the UE with 4Rx antenna ports with corresponding requirements, would be sufficient to verify the Rx performance. 


Additionally, RAN5 discussed the testability of 2Rx antenna ports in 4Rx bands to ensure the UE is only tested with 2Rx antenna ports during the test. RAN5 has identified one option would be to connect 2 Rx antenna ports based on OEM declaration. 





2. Actions:


To RAN4 group.


ACTION: 	RAN5 kindly request RAN4 to:


Confirm RAN5 view that for requirements other than single carrier REFSENS, testing the UE with 4Rx antenna ports with corresponding requirements, would be sufficient to verify the Rx performance.


Confirm whether connecting UE declared 2Rx antenna ports suffices to test 2Rx requirements on 4Rx bands





7.2 Diversity characteristics


The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. These requirements apply to all UE categories unless stated otherwise. Additional requirements apply for UE(s) equipped with four Rx ports. These additional requirements also apply for supported band combinations for which the UE can operate using up to four Rx ports while configured with carrier aggregation. With the exception of subclause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.


NOTE:	for an operating band in which the UE can operate using up to four Rx ports, it suffices to verify for conformance the additional requirements applicable for four Rx ports [except for REFSENS].


NOTE:	Implementation of 4 antenna ports for all operating bands supported by the UE is not mandated.


For a category 0, a category [M 1] , category 1bis, category NB1 and NB2 UE the requirements in Section 7 assume that the receiver is equipped with single Rx port.





4.1	RF conformance test cases


Table 4.1-1: Applicability of RF conformance test cases, ref. TS 36.521-1 [1]


7.4�
Maximum input level�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.4_1�
Maximum input level with 4 Rx antenna ports�
Rel-10�
C168�
UE supporting E-UTRA with 4Rx antenna ports but not 256QAM in DL�
D09�
FDD, TDD�
�
7.5�
Adjacent Channel Selectivity (ACS)�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.5_1�
Adjacent Channel Selectivity (ACS) with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�
7.6.1�
In-band blocking�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.6.1_1�
In-band blocking with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�
7.6.2�
Out of-band blocking�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.6.2_1�
Out of-band blocking with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�
7.6.3�
Narrow band blocking�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.6.3_1�
Out of-band blocking with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�
7.7�
Spurious response�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.7_1�
Spurious response with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�
7.8.1�
Wide band Intermodulation�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.8.1_1�
Wide band Intermodulation with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�
7.9�
Spurious emissions�
Rel-8�
C113�
UE supporting E-UTRA�
D15�
FDD, TDD�
�
7.9_1�
Spurious emissions with 4 Rx antenna ports�
Rel-10�
C113a�
UE supporting E-UTRA with 4Rx antenna ports�
D09�
FDD, TDD�
�



Table 4.1-1b: Tested Bands Selection Criteria


D09�
A.4.3-3 AND A.4.5-5�
Bands supporting 4 Rx antenna ports�
�
D15�
A.4.3-3 AND NOT A.4.5-5�
Bands not supporting 4Rx antenna ports�
�









5.1.1.2	Applicability of requirements for different number of RX antenna ports


The number of RX antenna ports for different RF operating bands is up to UE declaration.


The UE shall support 2 or 4 RX antenna ports for different RF operating bands. The operating bands, where 4 RX antenna ports shall be the baseline, are defined in Clause 7.2 of TS 38.101-1 [6]. The UE requirements applicability for UEs with different number of RX antenna ports is defined in Table 5.1.1.2-1.


Table 5.1.1.2-1: Requirements applicability


Supported RX antenna ports�
Test type�
Test list�
�
UE supports only 2RX �
PDSCH�
All tests in Clause 5.2.2�
�
�
PDCCH�
All tests in Clause 5.3.2�
�
�
PBCH�
All tests in Clause 5.4.2�
�
UE supports only 4RX or both 2RX and 4RX�
PDSCH�
All tests in Clause 5.2.3 (Note 2)�
�
�
PDCCH�
All tests in Clause 5.3.3 (Note 2)�
�
�
PBCH�
All tests in Clause 5.4.2 or 5.4.3 (Note)�
�
Note 1:	Requirements for PBCH with 4Rx is up to UE declaration


Note 2: 	‘maxMIMO-Layers-r16’ is not configured during the performance requirements testing for UE supporting Release 16 per-BWP MIMO layer adaptation.


�
�






4.2	Objective of Performance part WI


Specify the FR1 MIMO OTA requirements:


FR1 TRMS requirements for NSA and SA


For NSA mode, only NR MIMO OTA requirements will be specified and no additional LTE MIMO OTA requirements will be introduced. 


Define the detailed Figure of Merit for TRMS, e.g. TRMS@70% or 95% Max-Throughput 


Band n41, n77,n78 and n79 are the first priority 


Requirements for SA are the first priority 


Only specify 4x4 MIMO OTA requirement for 4Rx antenna bands








