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1	Introduction 
A new work item to define the OTA test methodology and TRP/TRS requirements for UEs operating in NR FR1 stand-alone and EN-DC within FR1 configurations was approved during the RAN #91 meeting with the following objectives [1]:

	4.1	Objective of Core part WI 
The objective of this Work Item is to extend SISO OTA methodology defined in TR37.902 to NR FR1 (NR SA and EN-DC) and to specify FR1 TRP and TRS performance requirements for both SA and EN-DC UEs. 
Investigate and specify the following aspects:
· General aspects
-	Considering the following device types:
-	Smartphone 
· Considering UEs with antenna configurations of 1Tx, 2Tx, 2 Rx and 4 Rx
-	Tablet
-	Laptop embedded equipment (LEE)
-	Laptop mounted equipment (LME)
-	Test scenarios:
-	For smartphone, head/hand phantoms testing configuration is the first priority
-	For other device types, 
-	Free space (FS) testing configuration is the first priority
-	OTA performance requirements with head/hand/Laptop ground plane phantoms are second priority
-	Environmental conditions:
-	Normal temperature and voltage test conditions
· SISO OTA Test methodology enhancement
-	Specify necessary enhancements of the SISO OTA test methodology for NR FR1 TRP and TRS, e.g.
-	Using the test methodology defined in TR37.902 as well as the associated aspects related to measurement uncertainty in TR25.914 and section 4.2 of TS 37.144 as the basis for NR FR1 
-	Support UE operating frequency in the range of 410 MHz – 7125 MHz (i.e., test methods will cover all the NR FR1 bands)
-	Support up to 100 MHz CBW
-	Define the configured power settings for EN-DC (1 CC LTE with 1 CC NR)
-	Develop the Measurement Uncertainty (MU) assessment [RAN5]
· Measurement Uncertainty (MU) aspects will be handled by RAN5 and the conclusions can be captured in a separate section of TR
-	Consider UE with multi-antenna under SISO OTA Test Methodology, e.g.
-	Study whether a test procedure for UL Transmit Diversity of SA, if this feature is supported by UE, is needed
· This task shall not start until RAN4 concludes on all of the corresponding requirements related to UL Transmit Diversity of SA
[bookmark: OLE_LINK5]-	Consider how to treat the UE with Tx switching and ensure predictable verification of TRP results
-	Consider how to treat the UE with multiple antenna receivers and ensure predictable verification of TRS results
-	Consider whether exceptional requirements to be tested for EN-DC TRS is needed, this will be treated as second priority
-    Example: NSA TRS requirements for potential UE self-interference due to IMD3 in EN-DC
-	Consider the testing time reduction for TRP and TRS among the bands and EN-DC band combinations that UE support 
-    Example: Alternative Single Point Offset TRP/TIS Test is not precluded
During the course of this work item, ongoing communication with 3GPP RAN WG5, CTIA OTA Working Group, CCSA TC9 WG1, GCF, ETSI MSG TFES and PTCRB shall be maintained to ensure industry coordination on this topic.

4.2	Objective of Performance part WI 
· Performance part framework
· Define a framework on how to handle requirements task for SA and EN-DC TRP and TRS before collecting trustable UE measurement results, the requirements task will follow the framework strictly, e.g.
-	Main actions in the framework in sequence:
· Requirements task should be a step-by-step approach, bands selected as first priority in the WID will be defined for the first step 
· Decide the minimum number of devices (e.g., at least [20 or 25]) for defining requirements 
· Start lab alignment activity among volunteered certified labs before collecting measurement results 
· Select sufficient devices those are commercially available in the market, and the measurement results of these devices from the aligned labs should be submitted for data processing
· Specify the requirements based on the measurement results with a per-band approach
-	Start with one type of device requirement which is most efficient to collect enough results 
-	Only specify 4Rx requirement for n41, n78, n79
-	Specifying requirements of SA with 1 CC is the first priority
-	Define clear process of submitting and processing the measurement results (e.g. example decide which entity collects and manages the data)

· Specify final requirements 
· Specify the NR FR1 SISO SA TRP and TRS requirements and tolerance:
-	Band n41, n28, n78, and n79 for PC3 and PC2 UEs are the first priority
-	Define the detailed requirements of the selected bands based on the conclusion of above requirement definition framework 

· Specify the FR1 EN-DC TRP and TRS requirements and tolerance:
-	For EN-DC, only NR requirements will be specified and no additional LTE requirements will be introduced. 
-	Only consider EN-DC combinations of 1 CC LTE with 1 CC NR
-	Band n41, n28, n78, and n79 related EN-DC band combinations for PC3 UEs are the first priority
-	Further limiting the number of EN-DC band combinations 
-	Define the detailed requirements of the selected bands based on the conclusion of above requirement definition framework 



This contribution provides our initital views on the objectives related to the SA scope.
2	Discussion 
In an effort to determine the open issues related to TRP/TRS for NR FR1 UEs in stand-alone mode, we first consider the bands for which OTA requirements shall be specified as part of the work item:

Table 1: Target bands for TRP/TRS for NR FR1 SA work and related parameters
	Band
	UL frequency range (MHz)
	DL frequency range (MHz)
	Duplex
	Num Rx ports

	n28
	703 - 748
	758 - 803
	FDD
	2

	n41
	2496 - 2690
	2496 - 2690
	TDD
	4

	n78
	3300 - 3800
	3300 - 3800
	TDD
	4

	n79
	4400 - 5000
	4400 - 5000
	TDD
	4



From the perspective of test methodology development, prior experience with LTE is quite useful to determine how much scope for methodology enhancement is necessary, given the target bands identified in Table 1, and how much of the scope can be concluded as a second priority.  TS37.144 captures the GSM, UTRA, and LTE OTA requirements [2].  The lowest frequency band for which LTE TRP/TRS requirements are specified is Band 19 (830 - 845 MHz UL; 875 - 890 MHz DL).   The highest frequency band for which LTE TRP/TRS requirements are specified is Band 7 (2500 - 2570 MHz DL; 2620 - 2690 MHz DL). 

[bookmark: _Toc66666240][bookmark: _Toc66666312][bookmark: _Toc66703545][bookmark: _Toc71540127][bookmark: _Toc71594770]Observation 1:	Compared to test methodologies necessary to verify LTE TRP/TRS requirements in TS37.144, an extension in frequency range down to 700 MHz (from 830 MHz) and up to 5000 MHz (up from 2690 MHz) can be prioritized.

An important consideration for the TRP test methodology is achieving consistent results for devices which implement Tx antenna selection.  Considering the different TRP measurement methodologies which can be used for TRP evaluation, results of the TRP methodology for devices which implement Tx antenna selection should be consistent across all measurement solutions and UE behaviors.

[bookmark: _Toc71594771]Observation 2:	RAN4 should discuss how to ensure consistent TRP test results can be achieved for UEs which implement Tx antenna selection.

The WID has identified that TRP requirements for PC3 and PC2 devices are prioritized equally.  Considering UE architectures which implement PC2 using a full-rated PA solution, the only difference in TRP results between PC3 and PC2 is expected to be the conducted output power.

[bookmark: _Toc71594772]Observation 3:	Test time reduction techniques are desired to avoid measuring full TRP scans of a device which supports PC2 using a single port.

On the other hand, for devices which implement PC3 using two ports (i.e. using two 20 dBm PAs) or which implement PC2 using two ports (i.e. using two 23 dBm PAs), further investigation is necessary to determine how the TRP measurement is impacted by Tx diversity and also whether consistent results can be measured in different TRP measurement methodologies.

[bookmark: _Toc71594773]Observation 4:	Further study is needed to determine how to test TRP of devices which implement PC3 or PC2 with the TxD feature, and this study should not start until the TxD feature is fully defined by RAN4.

Referring back to Table 1, we note that the mandatory number of Rx ports has an impact on the TRS measurement of the device.  Whereas NR TRS measurement methodologies for bands below 2.5 GHz can reuse LTE procedures, TRS measurement metodologies for UEs which support 4 ports should be further investigated with a focus on achieving repeatable results.

[bookmark: _Toc71594774]Observation 5:	Further study is needed to ensure consistent TRS test results can be achieved for UEs which support 4 Rx ports in bands above 2.5 GHz.

The final consideration related to TRP/TRS for NR FR1 UEs in stand-alone mode is the necessity to prioritize the development of these requirements for SA mode over EN-DC.  The primary reason for doing this is based on the following WID objective:  "For EN-DC, only NR requirements will be specified and no additional LTE requirements will be introduced."  Thus, TRP/TRS requirements for UEs configured for EN-DC within FR1, will be derived from the SA requirements in the same NR bands plus relaxation due to power reduction or MSD.  Based on this, effort to define the TRP/TRS requirements for NR FR1 UEs in stand-alone mode needs to be prioritized, although effort to define EN-DC test methodology can proceed in parallel with the SA work.

[bookmark: _Toc54340117][bookmark: _Toc54340222][bookmark: _Toc54340497][bookmark: _Toc54349274][bookmark: _Toc61530970][bookmark: _Toc61531810][bookmark: _Toc61531898][bookmark: _Toc61532462][bookmark: _Toc61532473][bookmark: _Toc61532739][bookmark: _Toc61569709][bookmark: _Toc61569767][bookmark: _Toc61578061][bookmark: _Toc61583397][bookmark: _Toc66425308][bookmark: _Toc66425631][bookmark: _Toc66657791][bookmark: _Toc66658257][bookmark: _Toc66666109][bookmark: _Toc66666242][bookmark: _Toc66666314][bookmark: _Toc66703548][bookmark: _Toc71540128][bookmark: _Toc71594775]Proposal 1:	RAN4 should define the TRP/TRS requirements for NR FR1 UEs in stand-alone mode as a priority, although effort to define EN-DC test methodology can proceed in parallel with the SA work.
3	Conclusions
This contribution has provided our views on the topic of NR FR1 TRP/TRS and made the following observations and proposal:

Observation 1:	Compared to test methodologies necessary to verify LTE TRP/TRS requirements in TS37.144, an extension in frequency range down to 700 MHz (from 830 MHz) and up to 5000 MHz (up from 2690 MHz) can be prioritized.
Observation 2:	RAN4 should discuss how to ensure consistent TRP test results can be achieved for UEs which implement Tx antenna selection.
Observation 3:	Test time reduction techniques are desired to avoid measuring full TRP scans of a device which supports PC2 using a single port for each power class, PC2 and PC3.
Observation 4:	Further study is needed to determine how to test TRP of devices which implement PC3 or PC2 with the TxD feature, and this study should not start until the TxD feature is fully defined by RAN4.
Observation 5:	Further study is needed to ensure consistent TRS test results can be achieved for UEs which support 4 Rx ports in bands above 2.5 GHz.

Proposal 1:	RAN4 should define the TRP/TRS requirements for NR FR1 UEs in stand-alone mode as a priority, although effort to define EN-DC test methodology can proceed in parallel with the SA work.
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