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Background
At the last meeting contributions from chipset and infrastructure vendors in [1], [2] and [3] were presented, which discussed the demodulation requirements for FR2. From the online discussions during the meeting it seems to be the common understanding that at least some form of baseband testing is required for the UE.
Additionally we look at the existing LTE requirements and which challenges need to be solved under the assumption that similar requirements will be defined for NR FR2.
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Given the discussion in the last meeting, a possible way forward is to initially focus on defining baseband demodulation requirements for Rel-15.
For this purpose this contribution discusses different ways in which baseband test could be performed using the RTS method discussed in [4]. This is a suitable solution since de-embedding the OTA channel would allow to directly feed the RF signal to the receiver inputs of the UE, so that only the baseband functionality of the device is tested. 
To be able to de-embed the OTA channel properly the UE beamlock function should be activated during the test so that the UE does not change its antenna pattern.
Proposal 1: Baseband demodulation TCs are performed with the beamlock function activated in the UE.
Baseband testing without taking antenna into account
This would represent the simplest approach of baseband testing of the UE without taking any impact of the UE antenna pattern on the channel model into account. 
The channel models from 38.901 can be used and then convolved with an ideal isotropic antenna pattern, to generate a TDL model of the channel models as describe in 38.901 section 7.7.4 and 7.7.2[5].
Baseband testing with generic antenna patterns
Based on the online discussions in the last meeting, another option to include some antenna impact into an RTS test could be to convolve the channel model with a default antenna pattern.
For this approach it would not be necessary to measure the UE antenna pattern, but RAN4 could define one or multiple UE antenna patterns that can be used, similar to the way it was done for the base station antenna pattern in [6]. 
During discussions on REFSENS and UE output power different UE antenna architectures are already being considered, so it should be possible to derive one or multiple example antenna patterns that are common UE implementations.
Since the actual antenna pattern of the UE would be unknown in this case, one option could be to run the TC with the same channel model but different antenna patterns and the TC could be considered a pass when one of the results is a pass.
The channel models from 38.901 can be used and then convolved with any of the to be defined generic antenna patterns, to generate the channel models for the TC.
Proposal 2: RAN4 to decide on one or both of the outlined options for defining UE baseband performance requirements:
i. Baseband testing without taking antenna into account
ii. Baseband testing with generic antenna patterns
Test Requirements
Although the test scope for NR UEs is not clear yet some examples can be taken from the existing LTE tests, since similar test scenarios seem very likely.
For the existing LTE demodulation requirements those can largely be grouped into 3 groups:
a) TC without AWGN and fading (e.g. Sustained Data Rate)
b) TC with AWGN and no fading (e.g  CQI reporting under AWGN conditions)
c) TC with fading and AWGN (e.g. PDSCH Single Antenna Port Performance)
d) TC with fading, AWGN and interferers (e.g. Enhanced Performance Requirements Type A Closed-loop spatial multiplexing)
TC without AWGN and fading
This would present the simplest form of demodulation TC with regards to the required complexity from the test equipment. Since no fading or additional AWGN is applied to the signal, the deciding factor will be the level of the DL signal the UE needs to demodulate. 
Given that the test will now be performed OTA instead of conducted and that the bandwidth of the signal may be up to 400 MHz, it must be ensured that the DL level is high enough, so that the signal level is not limited by thermal noise and a sufficiently high SNR between signal and thermal noise is still achieved.
TC with AWGN and no fading 
For this group of TCs the absolute level of the signal is likely not the deciding factor in judging the performance of the UE. The deciding factor will likely be the SNR that is received by the mobile. 
The same issue as for the previous group of TCs in that the DL level of the signal must be sufficiently high, since otherwise the signal SNR will be impacted by thermal noise.
Observation 1: The DL level for demodulation test must be high, so that neither the DL level nor the SNR defined for the TC are impacted by the thermal noise floor. 
TC with fading and AWGN
Regarding the DL and SNR levels, the same observations as in section 3.3 apply in this case as well.
As for the fading models, the models defined in 38.901 can used for defining the individual requirements. Based on the options given in section 2, either the TDL models derived in 38.901 can be used or the CDL models can be convolved with an antenna pattern.
Observation 2: Both the TDL and the CDL channel models from 38.901 can be used for defining the baseband requirements. 
TC with fading, AWGN and interfering cells
These TCs are similar to those discussed in section 3.3, however additional interfering cells are present. For these interfering cells the same observations as in section 3.3 apply.
Test system impact
With regards to the test system capable of performing test several key aspects need to be considered and further analyzed.
As outlined in section 3 the absolute level and the SNR are important factors for reliably performing the corresponding TCs. It needs to be further analyzed what the Test System Uncertainties for these parameters will be, when running demodulation TCs at mmWave frequencies.
Observation 3: Further investigations are necessary to define suitable limits and requirements regarding level and SNR uncertainties.  
Additionally it needs to be pointed out that for performing these baseband tests with any of the outlined scenarios it is necessary to define a mandatory UE test function that allows the test equipment to read back the phase and amplitude information for each receiver of the UE. This function has already been discussed and outlined in [7] & [8], however not yet been agreed upon.
Proposal 3: RAN4 agrees to define a mandatory UE test function that allows to read the phase and amplitude information for each receiver of the UE. Implementation details, similar to the beamlock function, are left up to RAN5.
Conclusion
In this contribution we discussed to initially define baseband test for UE performance requirements using RTS methodology. Three possible options were outlined with varying degree of impact of the UE antenna on the channel models and results.
It is proposed to run these tests with the beamlock function in the UE activated to be able to correctly de-embed the OTA channel during the test
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Then three possible options were outlined with varying degree of impact of the UE antenna on the channel models and results.
Proposal 2: RAN4 to decide on one or both of the outlined options for defining UE baseband performance requirements:
i. Baseband testing without taking antenna into account
ii. Baseband testing with generic antenna patterns

To be able to run the tests as described and to be able to de-embed the OTA channel it is necessary to mandate a UE test function that allows the test equipment to read back the phase and amplitude information for each UE receiver.

Proposal 3: RAN4 agrees to define a mandatory UE test function that allows to read the phase and amplitude information for each receiver of the UE. Implementation details, similar to the beamlock function, are left up to RAN5.
Observation 1: The DL level for demodulation test must be high, so that neither the DL level nor the SNR defined for the requirements are impacted by the thermal noise floor. 
Observation 2: Both the TDL and the CDL channel models from 38.901 can be used for the baseband requirements.  
Observation 3: Further investigations are necessary to define suitable limits and requirements regarding level and SNR uncertainties.  
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