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1
Introduction
The NR work item [1] has stabilized the core requirements for NR UEs, within the scope of the NSA deliverable, in parts 1 and 2 of TS38.101 [2], [3] (for frequency ranges 1 and 2, respectively). In parallel, the testing methodology for the RF, RRM, and demodulation requirements for FR2 is under development within the study item on test methods [4] and the associated TR38.810 [5].
This contribution provides a number of observations on the topic of quantifying the radiated multi-antenna reception performance of NR UEs and motivates a new study item to define the testing methodologies for NR FR1 and FR2 to address this topic.
2
Discussion

2.1
Situation with radiated requirements for FR1
The underlying assumptions behind all RF, RRM, and demodulation requirements for FR1 in TS38.101-1 are the same as LTE in 36.101:

· The UE antenna response is assumed to be omnidirectional with 0 dBi gain

· The connection between the test equipment and the UE is achieved using cables (conducted methodology)
All these requirements are tested by conducted methodology at the temporary antenna ports and it remains unknown what the actual performance of the UE would be in realistic network conditions with the UE antenna included. These assumptions do not quantify the performance of the entire device together with its antennas and expose the same gap in the NR FR1 requirements that was identified as justification for the development of radiated performance requirements for the verification of multi-antenna reception of UEs in LTE [6]. Thus, for the same reasons 3GPP defined MIMO OTA methodology [7] and associated requirements [8] for LTE, these are also needed for NR FR1.
2.2
Situation with radiated requirements for FR2

The challenge of testing mmWave devices precluded the use of cabled connections between the test equipment and the UE, a radiated methodology has been assumed for all RF, RRM, and demodulation requirements for FR2 in TS38.101-2. The scope of the Rel-15 demodulation test methodology is clear, and the key decision point on the scope is approved in the WF [9]:
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This approach simplifies the requirements definition to the baseband domain which consistent with conducted requirements for FR1 as the UE antenna and any spatial aspects are omitted. The test methodology is defined in [10] to allow testing of beam-locked baseband features under a “virtually cabled” scenario. 
Considering that the verification of baseband feature functionality has been the primary goal of demodulation performance requirements in LTE and NR FR1, it is logical to extend this thinking to NR FR2. Drawing upon the LTE experience, there is a large gap between the “conducted” baseband performances with the actual end-usage performance in a real network [11-13]. Therefore, an end-to-end metric, such as the total radiated MIMO sensitivity (TRMS) can be defined and assigned a limit [8] to present. Thus, it makes sense to take the same approach in NR FR2.
At FR2 bands, it's known that the impact of the UE antenna system performance (directivity pattern, pointing direction, tracking, correlation etc.) is far more critical than it was at FR1. “Only baseband” is not sufficient to specify the performance of the entire device in the actual usage scenarios which contains dynamic spatial characteristics and UE antenna performance [12]. Therefore, a radiated end-to-end test to verify UE multi-antenna performance in representative propagation environments (together with UE antenna performance), is targeted for the scope of the Rel-16 study item motivated by this paper [14].

2.3
Motivation for a new SI
The Rel-15 work item on NR access technology has defined the core and performance requirements for NR UEs operating in FR1 and FR2, and these requirements are applicable to UEs supporting multiple receiver antennas. However, it is not sufficient to only specify UE requirements at the RF and baseband level without including the spatial performance of the antenna system to guarantee the actual network performance. The existing requirements in TS38.101 specifications fall short of addressing this need for the following reasons:

-
In FR1 [TS38.101-1] the demodulation requirements are specified and verified at the temporary antenna connectors and do not quantify the performance of the entire device together with its antennas

-
In FR2 [TS38.101-2] the demodulation requirements are defined at the RF and baseband level, and verified in a “wireless cable” over-the-air (OTA) setup, and are not sufficient to characterize the spatial end-user radiated performance 
There is a need for radiated multi-antenna reception performance requirements in order to verify the MIMO receiver of the UE under conditions more closely resembling the end user’s interaction with the device, and a new study item to develop the performance metrics and testing methodology for addressing both gaps listed above is required.
3
Conclusions

It is proposed to create a new RAN4 Rel-16 study item to define metrics and end-to-end testing methodology for the verification of multi-antenna reception performance of NR UEs in FR1 and FR2 and the associated measurement uncertainty budgets.  It is anticipated that the multi-antenna UE reception testing methodologies for FR1 and FR2 will be different. The Study Item’s outcome shall be captured in TR38.xyz.
4
References
[1] RP-180536, “Work item on NR access technology,” NTT DOCOMO, 3GPP RAN#79, March 2018
[2] R4-1802403, TS38.101-1 v15.1.0, “User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone,” 3GPP RAN4 #86, February 2018
[3] R4-1802404, TS38.101-2 v15.1.0, “User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone,” 3GPP RAN4 #86, February 2018
[4] RP-180235, “Study on test methods for New Radio,” Intel Corporation, CATR, 3GPP RAN#79, March 2018
[5] RP-180181, TR38.810 v2.0.0, “Study on test methods for New Radio,” Intel Corporation, CATR, 3GPP RAN#79, March 2018
[6] RP-170278, “Radiated performance requirements for the verification of multi-antenna reception of UEs in LTE,” Intel Corporation, 3GPP RAN #75, March 2017

[7] TR37.977, “Verification of radiated multi-antenna reception performance of User Equipment (UE)”

[8] TS37.144, “User Equipment (UE) and Mobile Station (MS) GSM, UTRA andE-UTRA over the air performance requirements”
[9] R4-1801288, “WF on performance testing for FR2,” Intel Corporation, Qualcomm, 3GPP RAN4 AH #1801, January 2018

[10] R4-1803531, “TP for TR 38.810 v1.0.1 on Demodulation Baseline setup,” Anritsu, Rohde & Schwarz, 3GPP RAN4 #86, February 2018

[11] RP-172404, “On demodulation test measurement setup scope in Rel-15 NR,” Intel Corporation, 3GPP RAN #78, December 2017

[12] R4-1713050, “UE Test Coverage in mmWave NR,” Anritsu, Azimuth Systems, 3GPP RAN4 #85, November 2017
[13] R4-1804467, “On demodulation testing scope for NR,” CATR, 3GPP RAN4 #86bis, April 2018

[14] RP-180255, “New SI proposal: Study on radiated test methodology for the verification of multi-antenna reception performance of NR UEs,” CATR, 3GPP RAN #79, March 2018

Proposal 1: Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.


Assumes max rank 2 with cross polarized transmission


Rank 2 spatial MIMO would not be included


As a starting point an isotropic UE antenna pattern is assumed











