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1.	Introduction
TX EVM for UL MIMO is specified in v15.8 separately at each connector when the UE is configured for 2-layer transmissions. The TPMI matrix is chosen so each layer is routed exclusively to a unique port. Now, the relationship between ‘port’ and ‘antenna connector’ is a function of UE implementation, but the testing requirement forces a direct one-to-one relationship. This creates a problem by imposing a requirement for the UE implementation that is not justified by system needs.  
We first highlighted this problem in [1]. In this contribution we share results from our throughput simulations to help establish the validity of the problem with the current test methodology. We also propose possible solutions.
2. 	Discussion
In [1] we identified the specific mechanism that causes an artificial problem with EVM compliance with FR1 UEs configured for 2-layer transmission. 
….EVM is measured from each antenna connector separately. If there were a finite coupling between the antennae, EVM test done like this would fail since the other layer would be interference for the layer under test. This assumes layers are mapped to physical antenna connectors. In practice, there is a coupling between the two branches through many routes such as PA pin to pin coupling, trace coupling and antenna connectors themselves.
In subsections below, we present simulation data to support our assertion in [1] that interference from the ‘other layer’ is handled by the MIMO demodulator much more gracefully than uncorrelated noise. 
2.1 	UL MIMO throughput study
2.1.1 	Simulation assumptions
The UE’s crosstalk RAN4 MIMO demod studies have traditionally been performed using common assumptions, like an antenna correlation model for each end of the link, a channel model and various parameter choices in the channel model. The same MIMO simulation engine can be used to study UL MIMO throughput as a function of degradation due to antenna correlation at the UE. Figure 2.1-1 shows a conceptual model of the channel that was simulated.
The parameters a, b in the antenna correlation matrices are related to the RF concept of dB crosstalk as 20*log10(a) or 20*log10(b). The choice of channel model borrows from UE demod practice in RAN4. The receiver is assumed to be of MMSE type. Modulation type is 256QAM. The UE UL is assumed to be operating at 2.5% EVM. Throughput performance was evaluated for ideal gNB antenna (no correlation) and for b = 0.3 (-10.5dB correlation, or equivalently, 10.5dB isolation). Throughput was evaluated for discrete UE antenna correlation (crosstalk) values between -12 and -35dB. 
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Figure 2.1.1-1: MIMO Channel
2.1.2 	UE Model
The UE’s crosstalk, as seen by the gNB broadly stems from two types of mechanisms (fig 2.1-2):
1. Crosstalk between components in the conducted domain (traces, packages, etc): This quantity is expected to increase in time, due to UE design demands that force packaging into progressively smaller volumes. In [1] we identified values of ~-35 dB for the next generation of UEs
2. Mutual coupling in antenna used to transmit the 2L UL MIMO data: This value for UEs varies by UE implementation and band, but a conservative estimate of -12 dB can serve as a lower bound.
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Figure 2.1.2-1: UE Tx correlation mechanisms
Both mechanisms progressively impact channel quality, but the conducted domain crosstalk is ~20dB smaller than the contribution from antenna coupling, rendering conducted domain crosstalk impairment relatively insignificant. Henceforth the combined effect of both mechanisms is referred to as simply ‘UE crosstalk’.
Observation 1: A UE’s antenna mutual coupling dominates over conducted domain mechanisms in degrading channel quality in UL MIMO
2.1.3 	Simulation results and analysis
Figures 2.1.3-1 shows CNR for 70% and 90% throughput for various ‘a’ values corresponding to [-35, -20, -15, -12] dB of UE crosstalk in UL. The receiving gNB antenna is assumed to first have no crosstalk and then, a moderate amount of crosstalk (-10.5dB). In the high CNR regime typical of 256QAM operation, even our conservative UE crosstalk estimate causes negligible CNR degradation. Addition of gNB antenna crosstalk in addition to UE crosstalk does drop the throughput curves slightly (~0.4dB CNR hit), but it remains insensitive to UE crosstalk over the studied range. 
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Figure 2.1.3-1: CNR requirement in MCS 21 in the presence of layer crosstalk
[bookmark: _GoBack]For reasonable gNB antenna implementations, it is evident that UE crosstalk increase from -12 to -35 dB is tracked out by an MMSE MIMO receiver to within 0.2dB of added impairment at high CNR conditions. 
The general trend is that even modest antenna isolation (inverse of crosstalk; -12dB crosstalk is equivalent to 12 dB isolation) contributes to degradation measured in tenths of dB at a CNR of ~ 30 dB. i.e throughput is not very sensitive to reasonable UE crosstalk. If on the other hand, the MIMO receiver could not distinguish between noise and crosstalk, the curves in figures 2.1.3 -1 would turn vertical at a CNR level that corresponds to the isolation level. Evidently this is not the case.
Observation 2: An MMSE MIMO receiver’s throughput is much less sensitive to crosstalk than it is to uncorrelated noise
2.2	EVM test conditions
The RAN4 rank 2 MIMO EVM test is a single layer test performed independently at each connector. As captured in [1], any crosstalk from the chain assigned to transport the other layer is construed by the TE as uncorrelated noise at the measured antenna connector. The RAN4 test hence presents a pessimistic view of signal quality for rank 2 UL. The impact is negligible at low MCS, but starts to become significant at high MCS.
Observation 3: RAN4 EVM test for UL MIMO per v15.8 treats crosstalk as uncorrelated noise
2.3	Proposal to resolve
The root cause of this pessimistic EVM view during UL MIMO operation is RAN4’s choice to use a single receiver to demodulate 2L uplink. The proper solution to the problem is to use a MIMO receiver to measure MIMO throughput and signal quality metrics.
Proposal 1: Transmit signal quality testing for UL MIMO shall employ TE with MIMO demodulation capability
We recognize however that the proper solution will require an architecture change in the TE. In the interim there are a couple of avenues to amend the pessimistic EVM view from treating 2 layer UL MIMO as 2 completely independent UL transmissions. 
2.3.1	Short-term workarounds 
One possibility is to disable the crosstalk mechanism by reverting to single layer UL and verifying the UE’s capability to transmit equally well on both of its chains. This strategy is used in FR2, see TS38.101-2 section 6.4D.2.
Another possibility is to choose a short-term future-proof estimate of crosstalk and relax EVM requirements commensurately. This avenue is inexact and burdened with subjective judgments of crosstalk levels, however.
Proposal 2: Until MIMO demod capability is available in TE, transmit signal quality testing for FR1 shall draw from v15.8 FR2 practice of configuring the UE for single layer operation with two ports.
The relevant section that configures the UE for single layer UL MIMO, consistent with proposal 2 is excerpted from TS38.101-2 v15.8 in figure 2.3.1-1
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Figure 2.3.1-1: Short-term alternative test condition for FR1, as excerpted from FR2
3	Conclusion
Crosstalk between layers has the potential to degrade MIMO capacity. We first investigated mechanisms of crosstalk in the UE: 
Observation 1: A UE’s antenna mutual coupling dominates over conducted domain mechanisms in degrading channel quality in UL MIMO
We performed simulations to study the impact of UE crosstalk on a typical MIMO receiver and found:
Observation 2: An MMSE MIMO receiver’s throughput is much less sensitive to crosstalk than it is to uncorrelated noise
The RAN4 UL MIMO EVM test (in v15.8) uses a single chain receiver and tests each connector output separately.
Observation 3: RAN4 EVM test for UL MIMO per v15.8 treats crosstalk as uncorrelated noise
The root cause of the resulting pessimistic EVM view during UL MIMO operation is RAN4’s choice to use a single receiver to demodulate 2L uplink. The proper solution to the problem is to use a MIMO receiver to measure MIMO throughput and signal quality metrics.
Proposal 1: Transmit signal quality testing for UL MIMO shall employ TE with MIMO demodulation capability
A short-term workaround until the goal above is achieved, UE testing may continue in modified form
Proposal 2: Until MIMO demod capability is available in TE, transmit signal quality testing for FR1 shall draw from v15.8 FR2 practice of configuring the UE for single layer operation with two ports.

4. 	References
[1] R4-1913226, ‘TX EVM test condition correction for ULMIMO’, Qualcomm, 3GPP TSG-RAN WG4 Meeting #93, Reno, NV, USA, Nov 2019

image1.emf
ቂ 1 𝛼 𝛼 1 ቃ  


image2.emf
൤ 1 𝛽 𝛽 1 ൨  


image3.emf
ቂ 1 𝛼 𝛼 1 ቃ  


image4.emf
൤ 1 𝛽 𝛽 1 ൨  


image5.emf
൤ 1 𝛼 1 𝛼 1 1 ൨  


image6.emf
൤ 1 𝛼 2 𝛼 2 1 ൨  


image7.emf
൤ 1 𝛼 1 𝛼 1 1 ൨  


image8.emf
൤ 1 𝛼 2 𝛼 2 1 ൨  


image9.png
CNR (dB)

30

29

28

27

26

25

70% tput in MCS 21

— —— —»
-
—o— —
005 01 0.15 02 025

alpha

03

—8—beta =03, EVM = 2.51%
—8—beta =0.0, EVM = 2.51%




image10.png
CNR (dB)

34

33

32

31

30

29

90% tput in MCS 21

———— =
o o Y
-— —— ——
0.05 0.1 0.15 02 025

alpha

03

—8—beta =03, EVM = 2.51%
—8—beta =0.0, EVM = 2.51%




image11.png
6.4D.0 General

For a UE supporting UL MIMO, the transmit modulation quality requirements in clause 6.4 apply. The requirements
apply when the UE is configured for 2-layer UL MIMO transmission as specified in Table 6.2D.1.3-3

The requirement may altematively be verified in each of the single layer UL MIMO configurations as specified in Table
64D.0-1.

Table 6.4D.0-1: Alternative UL MIMO configuration for transmit signal quality tests

Transmission scheme DCl format TPMI Index
Codebook based uplink DCI format 0_1 0
Codebook based uplink 'DCI format 0_1 1





