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1 Introduction
In this contribution we discuss further the testing of RRM requirements in NR, and consider the likely attributes of an OTA test environment.
2 Discussion

In [1], we provided some proposals related to testing. It was agreed in [2] that for low frequency bands (eg below 6GHz), it can be assumed that the DUT has conducted antenna connectors. RRM testing can generally be performed using the antenna connectors and following similar approaches as are applicable for E-UTRA. Over the air (OTA) testing is assumed to be used for testing DUT on high frequency bands  

In this contribution we discuss further the proposals in [1] related to OTA testing.
	Observation 3 : Regardless of the chosen solution(s) test interfaces need to support all possible device capabilities and both NSA and SA operation of NR.

Observation 4  : OTA testing is a completely new methodology for RRM tests, and we expect that it will take a long time to fully understand how to test RRM functionality using OTA

Observation 5 : Not all functionality may be reasonably tested with OTA. It is beneficial to understand whether core requirements can be tested at the time the core requirements are being drafted

Observation 6 : Fading channel emulation would be possible in an OTA test, but the fading channel models would not include spatial information for multipaths

Observation 7 : Mobility would be emulated in OTA tests by varying power levels of signals

Proposal 2 : RAN4 discusses the following aspects of OTA tests
· How is the OTA environment configured?

· Reverb or anechoic chamber?

· How are individual TRP beams transmitted? (eg horn antenna, steerable antenna array etc)

· How many sources (beams and/or cells) can be supported?

· What orientation of DUT is used, and is it relevant to change the orientation in the test?

· Other aspects of environment eg dummy head/hand?

· How is channel modelling performed in the test?

· Temporal fading on each source?

· How is mobility emulated in the test?

· Switching power level of different sources?

What are the limitations of testing due to test equipment uncertainties?


Regardless of the chosen solution(s) test interfaces need to support all possible device capabilities and both NSA and SA operation of NR.
The implication of this observation is that NSA operation needs to be tested with an LTE test signal as well as an NR test signal. LTE operation is only defined on bands below 6GHz, so it is possible to envisage a hybrid test where the LTE signal is provided by conducted means, and the NR signal is provided by OTA means. This seems the most likely configuration for NSA RRM testing since the LTE part of the DUT must have conducted antenna connectors to allow LTE certification.
Proposal 1 : For NSA NR RRM tests, the LTE signal may be provided by conducted means, even when the NR signal is provided OTA (hybrid OTA+conducted test)

We reiterate other observations from [1]
Observation 1  : OTA testing is a completely new methodology for RRM tests, and we expect that it will take a long time to fully understand how to test RRM functionality using OTA

Observation 2 : Not all functionality may be reasonably tested with OTA. It is beneficial to understand whether core requirements can be tested at the time the core requirements are being drafted

Observation 3 : Fading channel emulation would be possible in an OTA test, but the fading channel models would not include spatial information for multipaths

Observation 4 : Mobility would be emulated in OTA tests by varying power levels of signals

Regarding the OTA proposals, we think it is important to start discussing the test environment, both because it may have impact to the testability of core requirements and because the discussion on a suitable test environment may take a long time to conclude.
· How is the OTA environment configured?

· Reverb or anechoic chamber?
The goal of RRM testing is not necessarily to provide a realistic test environment but rather to verify that certain core requirements are being met. A reverberation chamber intentionally provides a multipath rich environment but would not be able to emulate more carefully controlled single beams without multipath from different TP/cells. For this reason, we think it is more likely that an anechoic chamber is used, with the intention of suppressing reflections. This means that any multipath which is introduced needs to be introduced electrically with a fading channel emulator (observation 3).

Assumption 1 : Anechoic chamber is used for OTA RRM tests 

How are individual TRP beams transmitted? (eg horn antenna, steerable antenna array etc)
Since we do not anticipate that the DUT is moved during the test and TRP beams should be directed towards the DUT, a steerable antenna array does not seem necessary for each beam. The question is perhaps related to test equipment implementation but we do not see a use case for dynamically modifying the direction of transmitted beams during the test. Similarly, from an uplink perspective since the UE does not move during the test, the test equipment receiver needs to receive only in a fixed direction. Therefore, individual TRP beams could be transmitted using horn antenna.

Assumption 2 : Individual TRP beams are transmitted using a horn antenna

· How many sources (beams and/or cells) can be supported?
It is probably premature to answer this question without better understanding core requirements that need to be verified and also the capabilities of practical test equipment. For now, it seems that the sources would need to simultaneously emulate multiple TRP and also multiple cell sites. Multiple TRP from the same cell site are likely to be emulated with beams which do not have a large angle of separation (ie all the signals from one site arrive at the UE from a fairly similar direction) whereas different cell sites will be seen in different directions (eg in a 3 cell setup, the cells could be spaced 120 degrees apart. This is illustrated in figure 1
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Figure 1 : Multi TRP multi cell OTA test setup in anechoic chamber

Figure 1 is not intended to show that 4 cells and 2 TRP per cell are emulated but illustrates a general concept.
 Assumption 3 : Multiple TRP per cell site, and multiple cell sites need to be considered in the discussion on number of data sources in the OTA environment
· What orientation of DUT is used, and is it relevant to change the orientation in the test?
It is likely that it is beneficial to repeat tests with a controlled but different orientation so we expect that the DUT is placed on a rotating turntable in the test environment. This may also be used to emulate beam tracking during the test. For example, initially a test signal could be provided on TRP (beam) A and the UE slowly rotated. To emulate the scenario where it reaches the boundary with TRP (beam) B, beam B is started. It is also likely that the tilt of the device is controlled during the test since a handset is either used in a mostly horizontal orientation eg for browsing and internet access, or a vertical orientation eg during voice call. On the other hand, test time needs to be taken into account, and it should be emphasized that the purpose of RRM tests is to verify RRM core requirements rather than fundamentally being for antenna performance testing.
Assumption 4 : The DUT is mounted on a turntable and tilt may also be adjusted. 
· Other aspects of environment eg dummy head/hand?
We do not see a strong need for a dummy hand/head in the test, since the RRM test is not targeted at antenna performance testing. Free space testing may be used.

Assumption 5 : Free space testing is used for RRM
· How is channel modelling performed in the test?

· Temporal fading on each source?
Temporal fading on each source seems sufficient. As discussed earlier we do not see it feasible to provide a completely realistic multipath multi TRP multicell test. For RRM purposes it is more important that direction of arrival of TRP and cell transmissions is modelled and it is feasible to model multipath electrically using a fading channel emulator.
Assumption 6 : Fading channels in RRM tests are modelled as a temporal profile with fading channel emulators 
· How is mobility emulated in the test?

· Switching power level of different sources?

Power level switching seems feasible and is in line with the approach conventionally used in conducted RRM tests. As mentioned previously, this may be combined with rotation of the DUT if necessary.
Assumption 7 : Mobility is emulated in RRM tests by switching power levels of OTA signals
3 Conclusions

In this contribution we have discussed further aspects of the likely OTA test environment for RRM tests. We make one proposal and some observations. Other aspects of the environment are stated as assumptions rather than proposals since it would be premature and unnecessary to reach fixed agreements on them at this time, but nevertheless discussion should continue on these topics
Proposal 1 : For NSA NR RRM tests, the LTE signal may be provided by conducted means, even when the NR signal is provided OTA (hybrid OTA+conducted test)

Observation 1  : OTA testing is a completely new methodology for RRM tests, and we expect that it will take a long time to fully understand how to test RRM functionality using OTA

Observation 2 : Not all functionality may be reasonably tested with OTA. It is beneficial to understand whether core requirements can be tested at the time the core requirements are being drafted

Observation 3 : Fading channel emulation would be possible in an OTA test, but the fading channel models would not include spatial information for multipaths

Observation 4 : Mobility would be emulated in OTA tests by varying power levels of signals

Assumption 1 : Anechoic chamber is used for OTA RRM tests 

Assumption 2 : Individual TRP beams are transmitted using a horn antenna

Assumption 3 : Multiple TRP per cell site, and multiple cell sites need to be considered in the discussion on number of data sources in the OTA environment
Assumption 4 : The DUT is mounted on a turntable and tilt may also be adjusted. 
Assumption 5 : Free space testing is used for RRM
Assumption 6 : Fading channels in RRM tests are modelled as a temporal profile with fading channel emulators 
Assumption 7 : Mobility is emulated in RRM tests by switching power levels of OTA signals
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