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Introduction 
In this paper, we provide the analysis proving that the IRC receiver cannot well mitigate the degradation brought by TX EVM noise. We also show the simulation results which investigate the impact of different TX EVM values on the performance of DL 4-layer PDSCH transmissions, according to the agreed WF R4-161196 in the last meeting. 
2
Analysis of IRC receivers on TX EVM
It was discussed in the last RAN4 meeting about how IRC receiver can handle TX EVM. In this section, we prove that the TX EVM noise is cannot be mitigated by IRC receiver, at least for CRS-based TM with multiple TX antennas. In short, the reason is that the noise spatial correlation matrix (SCM), which is the input to the IRC receiver, cannot be accurately estimated from CRS, under the existence of TX EVM noise.
Let’s start from an example of TM1 with 2 RX antennas to see how EVM noise can be capture in noise SCM. Note that the noise SCM is estimated from CRS. The received signals on the RE occupied by the 1st CRS port are
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where 
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 are the received signals at the 2 RX antennas, 
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 are the channels from 1st CRS port to the 2 RX antennas, 
[image: image6.wmf]s

 is the known CRS signal, 
[image: image7.wmf]e

 is the TX EVM noise, and 
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 are noise at receiver. Here we assume that 
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, and that all noises are mutually independent to one another. Assuming that the reference signal part 
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 can be perfectly estimated and cancelled, then the remaining parts will be captured in the noise estimation 

[image: image16.wmf]î

í

ì

+

+

2

21

1

11

n

h

n

h

e

e

.

Thus the noise SCM would be like:
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,
which is also the exact noise SCM experienced by PDSCH. One quick observation here is that the noise SCM is not only a function of TX EVM variance but also the channel coefficients.
Observation 1: With TX EVM noise, the noise SCM is a function of both TX EVM variance and the channel coefficients.

Now, let’s go to other CRS-based TM with 2 TX antennas, e.g., TM2, 3, 4, 5, 6. The received signals on the REs occupied by the 1st and 2nd CRS ports are 
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respectively. Note that the superscripts denote the TX antenna index. The noise SCM estimated from the 1st and 2nd CRS ports become 
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respectively. Here we have assumed that 
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 are i.i.d. According to the results Eq.(1), the noise SCMs estimated from the 1st and 2nd CRS ports are different because the channels from these two ports are different. On the other hand, the received signals on PDSCH RE are
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where the identity 
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 are the symbols to be transmitted on TX antennas after precoding. Noise SCM experienced by PDSCH is 
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Please note that the TX EVM noise is added after precoding. So the effect of precoding is not observed here. 
According to above derivations, we have some discussions below:

1) It is obvious that the either one of the noise SCMs in Eq.(1) mismatches that in Eq.(2). Even averaging the SCMs in (1) cannot well approximate the SCM in (2). 
2) UE will try to average the SCM among multiple subcarriers and OFDM symbols in order to obtain more stable results. Sometimes, averaging across adjacent PRBs and/or subframes would also be possible, depending on UE’s implementation. With averaging, the amount mismatch will be enlarged.

3) Since the noise SCM is the one of the key input to the IRC receiver, this mismatch will prohibit IRC receiver from well mitigating the TX EVM noise.
Observation 2: Both theoretically and practically, there exists mismatch between the noise SCMs estimated from CRS ports and the noise SCM experienced by PDSCH. 
3
Simulation Results
Based on the WF [2] agreed in the last meeting, we conducted the simulation to study the impact of different TX EVM values on the DL 4-layer PDSCH transmission. The detail simulation assumptions are as listed in the following.
· 10MHz with 50 PRBs allocation

· EPA5, 4X4 lower correlation MIMO channel
· FDD with normal CP

· TM3
· No PDSCH in subframes #0 and #5

· CFI = 2

· HARQ disabled

· Modulation: up to 64QAM or up to 256QAM

· MCS selected based on reported wideband CQI plus OLLA at TX-side
· TX EVM values: 3%, 3.5%, 6% and 8%

· RX EVM values: 2% and 3% (modeled through receiver I/Q imbalance)
· Rank: Option 4 follow rank among {1,2,3,4}

· Receiver: LMMSE MRC and IRC demappers with practical channel and noise estimation

Figures 1-4 provide the throughput curves for different TX EVM values for different cases. There are some observations from the figures.

1. IRC receiver can provide only limited improvement on the throughput. It is not possible to ignore the effect of TX EVM noise with IRC receiver. For an example, the performance of {IRC , EVM 6%} never outperforms that of {MRC, EVM 3.5% } in all cases.
2. RX EVM 3% will leads to non-trivial performance degradation, comparing to 2%. Also, higher RX EVM value would somehow leads to smaller gaps among the performance of different TX EVM values.
3. For 64QAM: Current requirement 8% is not sufficient to achieve the max throughput performance. Perhaps 3.5% would be a more suitable requirement.
4. For 256QAM: Current requirement 3.5% is not sufficient to achieve the max throughput performance. Even 3% TX EVM is not enough. Some more study is required to determine the final EVM requirement in this case, if necessary.
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Figure 1 Throughput curves of different TX EVM values: Up-to-rank4, 64QAM, RX EVM 2%
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Figure 2 Throughput curves of different TX EVM values: Up-to-rank4, 64QAM, RX EVM 3%
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Figure 3 Throughput curves of different TX EVM values: Up-to-rank4, 256QAM, RX EVM 2% 
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Figure 4 Throughput curves of different TX EVM values: Up-to-rank4, 256QAM, RX EVM 3%
Observations 3: Current requirement 8% is not sufficient to achieve the max throughput performance for 4-layer 64QAM. Suggest 3.5%.
Observation 4: Current requirement 3.5% is not sufficient to achieve the max throughput performance for 4-layer 256QAM. Some more study is required to determine the final EVM requirement in this case, if necessary.
3
Summary 
In this contribution, we provide the analysis on the issue of IRC receiver on TX EVM noise and the simulation results to study the impact of different EVM values on the DL 4-layer PDSCH performance. Based on the simulation results, we have the following observations:
Observation 1: With TX EVM noise, the noise SCM is a function of both TX EVM variance and the channel coefficients.

Observation 2: Both theoretically and practically, there exists mismatch between the noise SCMs estimated from CRS ports and the noise SCM experienced by PDSCH. 

Observations 3: Current requirement 8% is not sufficient to achieve the max throughput performance for 4-layer 64QAM. Suggest to use 3.5%.
Observation 4: Current requirement 3.5% is not sufficient to achieve the max throughput performance for 4-layer 256QAM. Some more study is required to determine the final EVM requirement in this case, if necessary. 
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