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1 Introduction
In RAN#91e meeting, the new R17 Work item for NR FR1 UE TRP and TRS was agreed [1]. With initial discussion of the test methodology in following RAN4 #99, open issues regarding test methodology for UE with multi-antenna were identified in the WF [2], cited as below for convenience. This document discusses our view on these topics. 
· Tx antenna switching
· Option1: Function Off. This is traditional way for OTA testing.
· Potential vendor declaration and test mode FFS
· Minimum requirement shall be satisfied by the antenna with the best TRP performance
· Option 2: Function On. How to test the TRP at this condition is FFS.
· Rx antenna switching
· RAN4 further study how to treat the UE with Rx antenna switching.


2 Discussion
2.1 Tx antenna switching
Tx antenna switching refers to the function that tested device (e.g. mobile phone) can “autonomously” choose the active Tx antenna. Generally, the selection is based on the judgment for better received power towards the targeted receiver. According to this principle, there are different implementations, e.g. based on Rx signal level of collocated Rx antenna, based on base station signaling which reflects the degradation of uplink received power, or based on in-device sensor which detects the proximity to nearby objects like human’s hand/head (applicable to the test cases with head/hand phantoms).
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Figue 1: configurations of anechonic chamber for TRP/TRS measurement (from [3])
Above figures are the typical configurations of anechonic chamber for TRP/TRS measurement [3]. It can be noted that, for Tx antenna switching based on downlink Rx signal level or uplink received power, the Tx antenna can change during the test according to the relative location among “commmunication antennas”, “head/hand phantoms” and “DUT”. In this case, it is difficult to simulate the same switching mechanism that DUT will perform in real in-field environment. Even we somehow manage to implement the colocation of measurement and communcaiton antennas thoughout the test, lack of rich scatter wireless environment in the anechonic chamber still causes different switching result from the infield usage. 
Obsevation 1: for Tx antenna switching based on downlink Rx signal level or uplink received power, it is difficult to simulate in the chamber the same switching mechanism that DUT will perform in real in-field environment. Therefor it lacks the rationality for “functon on” test.
For Tx antenna switching based on approximity sensor, the Tx antenna will not change during one test case because of fixed relative location between “head/hand phantoms” and “DUT”. Therefore there may not be much difference between the “function on” and “function off”. 
Observation 2: pure proximity senor based solution is expected to perform the same for “function on” and “function off” tests. 
It is also noted that there may not be strict seperation between different DUT Tx antenna switching mechanisms. UE may optimize the performance by combining of sensor and signal detection methods, which makes “function off” more appropriate choice.
Proposal 1: aodpt “Function Off” for Tx antenna switching. Where all candidate Tx antennas should be tested, the best TRP value out of the tested Tx antennas should be used.
2.2 Rx antenna switching
Rx is somewhat different from the Tx antenna switching which has the constraints on avalabilty/cost of mutiple PAs and power consumption. In case of multiple Rx antennas, the most common implementation is to keep them all active, and relying on baseband combination algorithms, e.g. MMSE, MRC and so on, i.e. receive diversity. These combination algorithms will achieve optimal combined performance which eliminate the necessary of Rx antenna switching.
Observation 3: In case of multiple Rx antenna, the most common implementation is to keep them all active, relying on baseband combination algorithms for optimal combined performance, i.e. receive diversity.
Proposal 2: In case of multiple Rx antenna, keep all antenas active and use receive diversity in the test.
For implementations that physically select different Rx antannas according to different circumstances, the discussion above for “Tx antenna switching” can apply with the same principle, i.e. “Function Off” with minimum requirement being satisfied by the antennas with the best TRS performance.
Proposal 3: for implementations that physically select different Rx antannas according to different circumstances, apply same principle as “Tx antenna switching”, i.e. “Function Off” with minimum requirement being satisfied by the antennas with the best TRS performance. It should be noted that no limit on the maximum number of Rx antenna for one test should be imposed. 
3 Conclusions
This document discusser the open issues regarding test methodology for UE with multi-antenna identified in the WF [2]. 
Obsevation 1: for Tx antenna switching based on downlink Rx signal level or uplink received power, it is difficult to simulate in the chamber the same switching mechanism that DUT will perform in real in-field environment. Therefor it lacks the rationality for “functon on” test.
Observation 2: pure proximity senor based solution is expected to perform the same for “function on” and “function off” tests. 
Observation 3: In case of multiple Rx antenna, the most common implementation is to keep them all active, relying on baseband combination algorithms for optimal combined performance, i.e. receive diversity.
Proposal 1: aodpt “Function Off” for Tx antenna switching. Where all candidate Tx antennas should be tested, the best TRP value out of the tested Tx antennas should be used.
Proposal 2: In case of multiple Rx antenna, keep all antenas active and use receive diversity in the test.
Proposal 3: for implementations that physically select different Rx antannas according to different circumstances, apply same principle as “Tx antenna switching”, i.e. “Function Off” with minimum requirement being satisfied by the antennas with the best TRS performance. It should be noted that no limit on the maximum number of Rx antenna for one test should be imposed.
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