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1. Introduction
In RAN5#85 and also RAN#86, new study item for test method of NR FR1 TRP TRS was proposed [1] but concerns were raised due to no requirements will be defined in this study item. 

To meet the industry demands on TRP TRS testing and solve the raised concerns, this paper further discusses the impacts of test methods to the test requirements, and also how to do the joint study between RAN4 and RAN5. In the annex part a new study item description is given for reference and also for RAN5 discussion.
2. Discussion
2.1 NR TRP TRS test method and requirements

Paper [2] summarizes the history of 3GPP RAN4 OTA activities and also specifications related from which it can be seen that usually TRP TRS test methodology and also requirements are studied in RAN4 then goes to RAN5 for the conformance test. In NR, however, the study was not started in RAN4 even after the Rel-15 5G NR core specs were frozen. 
Observation 1: NR TRP TRS test methodology and also requirements usually studied in RAN4, and it has not started up to now.

We understand the market demands on the OTA certification, and the motivation of the proposed RAN5 lead study item on TRP TRS. For SA TRP TRS, the test method is clear since only NR is transmitting and most of 3G, 4G test methods can be reused which makes the test method is independent of the requirements. However, for NSA, the case is a little bit complex especially considering there are many different UE capabilities, e.g. UE with or without dynamic power sharing, self-interference, Tx diversity, 1T/2T, 2R/4R, many EN-DC combinations, etc. Handling of these issues are tightly connected with the target power settings or sensitivities, which makes the requirement discussion cannot be easily avoided even the proposed RAN5 study item only include test methodology. From this perspective, the NR FR1 TRP TRS test methodology especially NSA mode, and test requirements handled by RAN4 lead study item or work item is slightly preferred.
Observation 2: There is clear urgent market demands on NR TRP TRS certification which makes the study of test methodology and requirements are important in 3GPP.

Observation 3: NR TRP TRS test methodology is tightly connected with the requirement discussion especially for NSA mode which makes RAN4 might be a more appropriate group to lead the study.

Proposal 1: RAN5 take NR TRP TRS test methodology study as a secondary working group and sending LS to inform RAN4 on the handover of leading role on this study.

2.2 How to proceed with the study
According to the RAN discussion, a possible way of organizing the study is RAN4 leading with RAN5 as the secondary responsibility. About how to proceed with the study, there might be two alternatives.
	Alternative 1:

First study item for test method

Then work item for test requirement
	· Normal RAN4 procedure as in LTE TRP TRS study item and work item [3][4]

· TR to capture the outcome of the test method study and leave the lengthy discussion of requirements to work item phase

· There is possibility RAN5 can speed up definition of test spec according to the test method TR in an early stage even before requirements are defined

	Alternative 2:

Only work item for test method and requirement
	· Might speed up the NR TRP TRS standardisation if the requirements can be defined quickly
· There is possibility the WI will last for quite long time with no clear outcome due to no specific TR for the test method


Observation 4: These two alternatives are both feasible, alternative 1 might be slightly better from meeting the market demand in a timely manner perspective.

Proposal 2: Discuss and decide on which alternative below is preferred from RAN5 perspective.

· Alt 1: First study item for test method, then work item for test requirement
· Alt 2: Only work item for test method and requirement

Below, we take alternative 1 as an example, the study item work load possibly could be shared between RAN4 and RAN5 as shown in the annex. Generally, RAN4 could focus on the items which have requirement impacts while RAN5 could focus on the conformance testing related parts. More specifically, the example RAN4 and RAN5 responsibilities could be as following table (details please refer to the annex part).
	-
NR FR1 SA and FR1 EN-DC TRP and TRS test methodology [RAN4]

-
Study the feasibility of reusing the existing E-UTRA OTA test methodology for NR FR1 SA and also for FR1 EN-DC

-
Study the target power level settings of E-UTRA and NR carriers for EN-DC FR1 to ensure the E-UTRA and NR antenna radiation efficiencies
-
Study whether E-UTRA performance in EN-DC mode can be verified by E-UTRA only mode

-
Study how to verify UE TRP and TRS performance which support or not support dynamic power sharing in EN-DC FR1

-
Study whether UE self-interference due to harmonics and IMD products in EN-DC need to be considered in TRS testing

-
Study the TRP test of Tx diversity in NR FR1

-
Core requirements will be defined in the following up work item phase

	-
NR FR1 and EN-DC TRP and TRS conformance test specification [RAN5]

-
Study the test points, test procedures and calibration aspects to verify the TRP and TRS metrics

-
Study the impacts to current OTA specifications

-
For UEs with transmit antenna switch, study the impacts to NR FR1 SA and NSA OTA test methods

-
Study the measurement uncertainty budget

-
Study and, if found feasible, define test time reduction techniques

-
For EN-DC band combinations which have same LTE band, study whether LTE TRP/TRS performance can be verified by only one band combination

-
For EN-DC band combinations which have same NR band, study whether NR TRP/TRS performance can be verified by only one band combination

-
Study possibility of reducing test time by properly selection of test frequency points and test frequency point combinations for FR1 SA and EN-DC

-
Study possibility of reducing test time by single point offset measurements
-
Other methods are not excluded


Observation 5: The work load possibly could be shared between RAN4 and RAN5, i.e. RAN4 focus on requirement impacted items, while RAN5 focus on conformance testing related parts.

Proposal 3: Discuss which items RAN5 could do in the possibly RAN4 leading test method studies.

Conclusion
This paper further discusses how to handle the study of NR TRP TRS test method and also requirements. In the first part the impact of NR test method to test requirements was discussed and in the second part how to proceed with the study between RAN4 and RAN5 is analysed and get following observations and proposals.

2.1 NR TRP TRS test method and requirements

Observation 1: NR TRP TRS test methodology and also requirements usually studied in RAN4, and it has not started up to now.

Observation 2: There is clear urgent market demands on NR TRP TRS certification which makes the study of test methodology and requirements are important in 3GPP.

Observation 3: NR TRP TRS test methodology is tightly connected with the requirement discussion especially for NSA mode which makes RAN4 might be a more appropriate group to lead the study.

Proposal 1: RAN5 take NR TRP TRS test methodology study as a secondary working group and sending LS to inform RAN4 on the handover of leading role on this study.

2.2 How to proceed with the study

Observation 4: These two alternatives are both feasible, alternative 1 might be slightly better from meeting the market demand in a timely manner perspective.

Proposal 2: Discuss and decide on which alternative below is preferred from RAN5 perspective.

· Alt 1: First study item for test method, then work item for test requirement

· Alt 2: Only work item for test method and requirement

Observation 5: The work load possibly could be shared between RAN4 and RAN5, i.e. RAN4 focus on requirement impacted items, while RAN5 focus on conformance testing related parts.

Proposal 3: Discuss which items RAN5 could do in the possibly RAN4 leading test method studies.
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Annex

3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: 
Study on NR FR1 and EN-DC FR1 UE TRP and TRS 
Acronym: UE_NR_FR1_TRP_TRS_TestMethod
Unique identifier: 
{A number to be provided by MCC at the plenary} 

1
Impacts 

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
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	X
	
	X
	X
	X
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2
Classification of the Work Item and linked work items

2.1
Primary classification

This work item is a … 
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item


2.2
Parent Work Item 

2.3
Other related Work Items and dependencies

	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	550022
	Study on Measurements of radio performances for LTE terminals - TRP and TRS test methodology
	RAN4 TR 37.902 “LTE/UMTS terminals; TRP and TRS test methodology” will be used as reference for FR1 NR SA and FR1 EN-DC test methodology study

	580137
	Core part: LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements
	RAN4 TS 37.144 “UE GSM, UTRA and E-UTRA over the air performance requirements” will be used as reference for FR1 NR SA and FR1 EN-DC requirement definition

	630011
	UE Conformance Test Aspects - LTE UE TRP and TRS and UTRA Hand Phantom
	RAN5 TS 37.544 “UTRA and E-UTRA UE OTA performance Conformance testing” will be used as reference for FR1 NR SA and FR1 EN-DC conformance test specification definition


3
Justification

It is well known that the UE antenna performance is important to the UE’s access network capability and also have big impact to the uplink and downlink throughput especially in the cell edge. Therefore, it has been considered as one of the key requirements for GSM, UMTS and also LTE. Following the same logic, TRP and TRS for 5G NR is also considered important for the success of 5G commercial.

Currently, RAN4 has studied the UE’s multi-antenna reception performance in TR38.827 which verifies UE DL MIMO throughput performance. As similar in LTE, the MIMO OTA and TRP/TRS are both important in verifying UE antenna performance. Rel-15 5G NR core specification has been finalized in 3GPP and the commercial networks and many 5G UEs are already on the market. From verifying UE’s antenna performance in a whole picture perspective, start studying and defining TRP and TRS test methods is important and urgent.

In 5G NR, both SA and NSA need to be considered at the same time to cater for the market needs. For SA, the TRP and TRS testing methods are expected to be similar to LTE. For NSA, however, much differences are foreseen due to both LTE and NR carriers are connected. How to handle the issues caused by the two carriers like power sharing, IMD interference, test costs, etc. will need much cooperation from the industry. Up to now, both RAN4 and RAN5 have accumulated enough experience in defining TRP and TRS testing methods which can guarantee this study item could be completed on time.

To alleviate the current RAN4 over loaded situation, shifting part of the study item objectives to RAN5 and keep close working with RAN4 are needed. RAN4 will focus on the items that have impact to the core requirements while RAN5 will focus on the test configuration parts and also the test time reduction which is important to the testing industry.

Besides, to alleviate the impact to the ongoing MIMO OTA working item, the TU request will be carefully analysed in RAN4 considering the TRP/TRS study item and MIMO OTA work item actually shares the same RAN4 expert resource. 

In order to speed up the outcome of testing method for 5G NR SA and NSA TRP/TRS and be used to guide the industry UE certification, this study item is proposed.

4
Objective

The objective of this study item is to define test methods and conformance test specification for UE NR FR1 SA and FR1 EN-DC TRP and TRS. The study item’s outcome shall be captured in TR38.xyz. 

The development of testing methodology and conformance test specification shall proceed within the following scope: 
-
In general

-
The test methodology shall include both NSA and SA
-
The key performance metrics and corresponding test methodology are based on inputs from operators, BS vendors, and UE vendors

-
Following device types will be considered:

-
Smartphone as the first priority 

-
Considering UEs with antenna configurations of 1Tx, 2Tx, 2 Rx and 4 Rx
-
Laptop embedded equipment (LEE), and laptop mounted equipment (LME) as the second priority

-
Other UE types can be further considered with lower priority
-
Following test scenarios will be considered:

-
Free space as the first priority

-
Hand phantom, and head hand phantom for smartphone as the second priority

-
Wide grip hand phantom to cover devices from 72mm to 92mm width is the first priority

-
Narrow grip hand phantom and PDA hand phantom to cover devices below 72mm width is the second priority

-
Other phantoms can be further considered with lower priority
-
Only normal temperature and voltage test conditions are considered

-
NR FR1 SA and FR1 EN-DC TRP and TRS test methodology [RAN4]

-
Take the test methodology defined in TR37.902 as baseline

-
Study the feasibility of reusing the existing E-UTRA OTA test methodology for NR FR1 SA and also for FR1 EN-DC

-
Take certain example bands like n41 and n78 as starting point for NR FR1 SA

-
Take certain example band combinations like DC_3_n41 and DC_1_n78 as starting point for FR1 EN-DC

-
Study the target power level settings of E-UTRA and NR carriers for EN-DC FR1 to ensure the E-UTRA and NR antenna radiation efficiencies

-
Study whether E-UTRA performance in EN-DC mode can be verified by E-UTRA only mode

-
Study how to verify UE TRP and TRS performance which support or not support dynamic power sharing in EN-DC FR1

-
UEs support dynamic power sharing is the first priority

-
Study whether UE self-interference due to harmonics and IMD products in EN-DC need to be considered in TRS testing

-
The definition of any new testing procedure to find the UE self-interference worst case is not in the scope of this SI

-
UEs without implementing transmit antenna switch will be considered as the first priority

-
Study the TRP test of Tx diversity in NR FR1

-
Depends on RAN4 conclusion of whether Tx diversity is supported by RAN4 TS38.101-1 UE core requirements in Rel-15

-
Core requirements will be defined in the following up work item phase

-
NR FR1 and EN-DC TRP and TRS conformance test specification [RAN5]

-
Study the test points, test procedures and calibration aspects to verify the TRP and TRS metrics

-
Study the impacts to current OTA specifications

-
For UEs with transmit antenna switch, study the impacts to NR FR1 SA and NSA OTA test methods

-
GCF-ITAOTA Task Force and CTIA study outcome will be used as starting point

-
Study the measurement uncertainty budget

-
Study and, if found feasible, define test time reduction techniques

-
For EN-DC band combinations which have same LTE band, study whether LTE TRP/TRS performance can be verified by only one band combination

-
For EN-DC band combinations which have same NR band, study whether NR TRP/TRS performance can be verified by only one band combination

-
Study possibility of reducing test time by properly selection of test frequency points and test frequency point combinations for FR1 SA and EN-DC

-
Study possibility of reducing test time by single point offset measurements
-
Other methods are not excluded

During the course of this study item, ongoing communication with GCF, PTCRB, CCSA and CTIA OTA Working Group shall be maintained to ensure industry coordination on this topic.
4.2
Objective of Performance part WI
4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
5
Expected Output and Time scale

	New specifications

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	Internal TR
	38.xxx
	Study on TRP and TRS methods for FR1 UEs
	RAN#87

March 2020
	RAN#88

June 2020
	


6
Work item Rapporteur(s)

TBD
7
Work item leadership

RAN4

Secondary responsibility: RAN5
8
Aspects that involve other WGs
9
Supporting Individual Members

	Supporting IM name

	

	

	

	

	

	

	

	

	

	

	

	


