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1 Introduction

At meeting #84 in Berlin and NR ad hoc #3 in Nagoya various proposals [1] – [5] were made for demodulation and RRM test methods and scope. This paper reviews and contrasts the various proposals to identify the opportunities and risks associate with choices. 
2 Comparison of demodulation proposals
	Option
	Description
	For
	Against

	1
	IF testing
	· Avoids using an OTA setup

· Simple
	· Bypasses all RF impairments and the antenna

· Only viable if the interface is standardized

	2
	RTS with no antenna pattern
	· Most basic OTA setup

· Can be upgraded to option 3 with no new hardware
	· Ignores impact of the antenna

	3
	RTS with antenna pattern
	· Same hardware complexity as option 2

· Established approved technique from LTE FR1 MIMO OTA


	· Requires UE to support amplitude/relative phase measurements

· Unresolved issues with antenna pattern measurement [6]

· Only works for antenna patterns that do not change due to the applied channel

· May not scale well past two receivers

	4
	SS-MPAC spatial channel emulation
	· No restrictions on UE antenna

· No restrictions on number of UE receivers

· Probably same number of probes (4) as for options 2 & 3 with 4 Rx UE.

· Only method that can handle UE antenna patterns that might change due to applied channel

· Extendable to variable geometry (dynamic) channel models
	· Channel model limited to SS-MPAC sector dimensions (probably not an issue with narrow gNB Tx antenna)

· Requires more probes for 2Rx UE receiver (4 to 8 depending on CM) than options 2 & 3)

· Requires wider chamber to accommodate probe spacing for the channel model


3 Discussion
3.1 Option 1 (IF)
The proposal to test at IF would cut out all the RF aspects of the UE e.g. LO phase noise, RF impairments as well as the impact of the antenna and RF desense. So, although it is conceptually simple, it falls short of providing sufficient test coverage of the UE, which would be limited to baseband performance only. In addition, an IF interface is not a viable option for conformance test in commercial test houses unless it is standardized.

Proposal 1: No longer consider Option 1 (IF test) approaches but look to RTS methods for similar test complexity with fewer restrictions
3.2 Option 2 (RTS no antenna pattern)
This is the lowest level of testing that could be considered and needs to be backed up by analysis that shows ignoring the antenna is a credible answer for mmWave. Except for MIMO OTA for LTE, all demodulation test have been performed using cabled testing. As such the industry is comfortable with this approach. However, during the period over which cabled demodulation testing has bene the norm the demand son the UE antenna system have changed dramatically with antennas moving from single band SISO external dipoles to internal multi-band MIMO with CA antennas impacted by head/hand blocking. This has all led to significantly lower performance as can be seen in the most recent TRP/TRS worksheet [7] where vendors are proposing roaming limits up to 20 dB below the conducted reference.
However, it is not just the gain of the antenna system that is the issue, it is the way the antenna system receives MIMO signals. This was the entire focus of the LTE MIMO OTA work item which recently concluded with OTA performance requirements for throughput in a TM3 configuration and 2D spatial channel model. Through this work, it became very evident that the UE throughput performance was highly dependent on the UE antenna correlation in the given channel model. There are no direct cabled equivalent requirements against which to compare the MIMO OTA requirements but it is clear the performance is significantly lower than conducted tests which discount the antenna gain and correlation.

At mmWave frequencies we are dealing with very different channel models which will be sparse in the spatial domain with very narrow angular spread of arrival (ASA) due to the narrow beamwidths expected from the gNB Tx antennas [8]. In this very different environment if the UE is receiving more than one spatial stream the performance wil be highly dependent on how the gNB transmits the signal e.g. cross polarized or using two different beam directions into a channel that supports multiple paths to the UE. The details of this are yet to be worked out but the performance is going to be highly dependent on the UE antenna system’s behaviour when presented with the spatial signal containing the signals to be demodulated.
The equivalent conducted test case would be like measuring the UE with perfect de-correlated 0 dBi antennas. Using a motoring analogy, this would be like testing a Formula 1 car on a track with the car running on serrated rails that prevented wheel spin and kept the car on the track on all corners regardless of speed. It is of some interest to an engine designed to know what it can do flat out on a rolling road but this provides no indication of what to expect in realistic conditions – even for static geometry channels.

Proposal 2: Properly study the impact of the antenna on UE demodulation performance before considering Option 2 (RTS without antenna pattern) this testing option.

If it can be shown that testing with no antenna assumption provides value, then it wil be necessary to add appropriate radiated test requirements that include the UE antenna to allow for the overall device performance to be controlled. Looking ahead, the current scope of the Rel-15 testability SI does not include the impact of head/hand effects yet it is known these wil be far more ever than seen at low frequencies where 10 dB of degradation is regularly seen. So, if true device performance is to be specified this interaction between the antenna and the use needs to be considered.
Proposal 3: If option 2 (RTS without antenna pattern) is considered useful, develop OTA requirements that can be used to control the performance of the UE antenna system.

3.3 Option 3 (RTS with antenna pattern)
This option resolves all the issues with Option 2 regarding the importance of the antenna pattern. It’s hardware complexity is the same as option 2 and all that is required is the measurement of the pattern which can be reused for many different demodulation requirements. It is therefore expected there would be no meaningful increase in test time or test cost over option 2 while providing a much more comprehensive measure of the UE performance.
The main issue with Option 3 is whether it is possible to get the UE into a condition where the correct antenna pattern is selected by the UE for the channel model to be applied. This is discussed further in [6].
Proposal 4: Consider option 3 (RTS with antenna pattern) for demodulation testing if a solution can be found to the UE antenna pattern as discussed in [6].

The scalability of Options 2 and 3 to UE with more the 2 Rx needs to be further studied.

Proposal 5: If Option 3 (RTS with antenna pattern) is considered viable for demodulation testing, further study its scalability to UE with > 2 Rx antennas

3.4 Option 4 (SS-MPAC with spatial channel emulation)
As was the case with LTE MIMO OTA, the multi-probe anechoic chamber (MPAC) test method had the fewest restrictions although it came with the highest cost/complexity. It doesn’t need a UE test mode to measure the antenna pattern, it isn’t restricted by the number of UE receivers and can handle dynamic antenna patterns in response to the applied channel model (be the CM static or dynamic)

There is some increase cost/complexity with the SS-MPAC system although the number of active probes Is expected to be between 2 and 8 depending on the channel model. Also, depending on the required angles of arrival, it may be applicable to a considerable number of RRM test cases as well.

With Option 4 having fewer restrictions than any other option it should be considered the demodulation baseline until other options have been sufficiently studied to consider them appropriate for FR2 NR.

Proposal 6: Since Option 4 (SS-MPAC) it has fewest restrictions and no fundamental open issues, agree Option 4 as the demodulation baseline. Additional options can be considered when they have bene sufficiently studied.
For RRM requirements it is not anticipated that the UE antenna pattern wil influence the performance however the UE antenna direction will. For that reason, it is sufficient in the RRM baseline to only consider the signal direction and the antenna pattern can be ignored.

Although the antenna pattern is not needed it is evident that options 1, 2 and 3 do not allow testing of the UE’s ability to steer its antenna in any direction, even for a static geometry channel which is the initial focus for Rel-15. However, Option 4 does generate spatial signals within the limits of the sectored implementation

Proposal 7: Consider Option 4 (SS-MPAC) as a viable test method for RRM within the limitations of the implemented sector (e.g. 120 x 60 degrees)
4 Conclusion

Proposal 1: No longer consider Option 1 (IF test) approaches but look to RTS methods for similar test complexity with fewer restrictions
Proposal 2: Properly study the impact of the antenna on UE demodulation performance before considering Option 2 (RTS without antenna pattern) this testing option.

Proposal 3: If option 2 (RTS without antenna pattern) is considered useful, develop OTA requirements that can be used to control the performance of the UE antenna system.

Proposal 4: Consider option 3 (RTS with antenna pattern) for demodulation testing if a solution can be found to the UE antenna pattern as discussed in [6].

Proposal 5: If Option 3 (RTS with antenna pattern) is considered viable for demodulation testing, further study its scalability to UE with > 2 Rx antennas

Proposal 6: Since Option 4 (SS-MPAC) it has fewest restrictions and no fundamental open issues, agree option 4 as the demodulation baseline. Additional options can be considered when they have been sufficiently studied.

Proposal 7: Consider Option 4 (SS-MPAC) as a viable test method for RRM within the limitations of the implemented sector (e.g. 120 x 60 degrees)
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