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1
Introduction
LS [1] to RAN4 welcome guidance from RAN4 on the following points, particularly in relation to 256QAM in the LTE downlink:

· Practically achievable EVM values to assume for DL higher order modulation (for power levels 20dBm, 24dBm, 30dBm and 37dBm)
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modelling such impairments

· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells  
And RAN4 indicated in its initial responds in [2] that more discussions in RAN4 will be needed in order to provide the requested guidance. RAN1 evaluations have considered a range of values for TX and RX EVM, but it still awaits for guidance from RAN4 as to which values of EVM values should be assumed feasible before it can reach final conclusions on the feasibility of the feature. 
This contribution focus on discussing the Tx and Rx EVM for supporting DL 256QAM and also provide proposed values to RAN1. 
2
Transmitter EVM modelling
During Rel.8 EVM discussions, especially for 64QAM [3], the approach considering single EVM value for all 64QAM MCS on modulation accuracy was preferred to ensure a robust baseline performance of the system. 
The 5% Tput loss criteria (required EVM to ensure less than 5% Tput loss from the maximum Tput according to the MCS envelope) was taken and SNR range for 64QAM MCSs Tput saturation points was considered for an averaged EVM as working assumption for further margin discussion.
The methodology for deriving the EVM BS requirement for 64QAM [4] [5] [6] could be also applied for 256QAM. 

It is noted Rel.8 EVM performance studies assumes all the Tx impairments were by an AWGN noise source at the output of the transmitter [5]. And in [11] it is have the observation that the transmitter EVM for 256QAM should be modelled as an AWGN noise.
And adopting the EVM model provided in [8], the EVM modelling should be as follow which shows the Tx impairments and Rx impairments, and the transmitter EVM should only relevant with the part in red rectangle.
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As in [8], the noise variance of the modelled Tx EVM on each antenna will be defined relative to the power on each antenna according to: 
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Where 
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 is the AWGN noise variance which is added at the transmitter, and 
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is the total transmit power spectral density (integrated in a bandwidth corresponding to the transmission bandwidth configuration) of the downlink signal, as measured at the eNodeB antenna connector.   

And the SNR on Tx, according to (3), when just meeting the EVM evaluated, should be as 24.4dB for EVM6% or 28dB for EVM 4%. 
Proposal 1: To capture the Tx EVM modelling to RAN1 discussion. 
3
Proposed value for BS EVM
3.1
Theoretical analysis
In [4][5], a semi-analytical analysis was provided to conclude an average EVM which could limit the throughput loss for 64QAM MCS to 5%. The EVM could be assumed as the average transmitter noise to the signal noise, and be obtained from Shannon capacity formula considering 5% Tput loss: 
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The EVM to ensure less than 5% throughput loss in corresponding SNR is shown in figure 2 below:
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Figure 2: EVM to ensure less than 5% Tx throughput loss          Figure 3: MCS envelope for Tx throughput               in corresponding SNR. 
In addition, the MCS envelope in figure 3 for the maximum throughput and the MCS “saturation points” need to be checked, to get the suitable SNR range which is approaching Shannon capacity in different 256QAM MCS in order to generate the EVM value. According to the figure 3, it is shown that SNR “saturation point” for MCS of 256QAM is at the range of 22-26dB for rank 1 MCS, correspondingly EVM should in range of 3~4.2% according to figure 2 to ensure less than 5% Tput loss, thus the average EVM ensuring less Tx Tput loss could be at ~3.5%. 
Thus we have the following observation:

Observation 1: The averaged EVM ensuring 5%Tput loss on transmitter side for 256QAM could be theoretically at 3.5% (in range of 3~4.2%), not considering implementation margin.
3.2
Practical Considerations
In addition, since the lower EVM could be implemented with power back-off and relaxed clipping, the available total RF power for 256QAM could be several dB lower than nominal. That means the lower EVM could be supported in light of impact on PAPR and cost of PA.
In [11] detailed analysis provided for the practical considerations for BS EVM. It is observed the following:

For option 1of keeping the current PA with power back-off, there is no risk on the heat dissipation. While the Tx power will be lower than nominal power, esp. for the 37dBm case, the output power could degrade a large portion from the nominal power, depending on the needed EVM. It should be noted EVM is tested with nominated Pmax transmission power. Thus for option 1, if selected, the test relevant considerations should be further discussed.

For option 2 of using a larger PA with power back-off, the nominal Tx power will be kept while the additional heat dissipation due to a larger PA need to be considered (several Watts more heat dissipation for the 37dBm case). 

In both cases, the energy efficiency will be degraded due to power back-off, since the PA is the largest power consumption component in the transmitter.  
Observation 2: To decide practical EVM, the following aspects shall be considered: Tx power comparing with the nominal power, excess heat dissipation, cost and size for larger PA. Operators’ preference on those features and test relevant considerations are quite important. Lower EVM required for DL 256QAM is degrading the eNB energy efficiency. 
And it is seen that in the BS power levels RAN1 required to evaluated, power levels of 20dBm and 24dBm are associated with current Home and Local Area BS, while 30dBm and 37dBm PRAT values are not characterized specifically with certain BS class. Especially for 37dBm more difficulties are foreseen on the nominated power or heat dissipation. Hence we propose:
Proposal 2: Only focus on the power level 20dBm and 24dBm BSs for 256QAM discussion. And RAN1 to assume a Tx EVM of 4% for further 256QAM DL feasibility discussion. 
4  RX impairments Modeling
RAN1 has provided evaluations in [3], where different values of RX EVM are assumed when evaluating system-level performance in the scenarios of interest. This implies a simplified modelling approach where all the RX impairments are assumed to be described by an equivalent AWGN noise component at the receiver, as shown in Figure 1 below. The definitions in Figure 1 follow those in [5], with the Ievm1 and Ievm2 terms added to represent the RX EVM terms at RX antennas 1 and 2, respectively.


[image: image11.emf]TX Ant 1 RX Ant 1

RX Ant 2

I

otx

I

oc2

I

evm2

I

oc1

I

evm1

P

TX1

 = I

or

h

1

h

2

I

o1

I

o2

I’

or1

I’

or2


Figure 1: Received signal power including interference sources. RX EVM is denoted by Ievm1 and Ievm2.
The variances of the interference sources at the receiver are given by:

(2Ioc1 = Ior × 10 ^ (-0.1 × (I’or1/Ioc1) = (2Ioc2

(2evm1 = I’or1 × EVM2rx = (2evm2
5  Relationship of RX EVM and IQ imbalance

In [4] we have shown that UE receiver IQ imbalance strongly affects the 256QAM demodulation performance and therefore IQ imbalance modelling is essential when investigating the feasibility of introducing 256QAM in DL in Rel. 12. Moreover, we observed that other UE receiver impairments as AGC, ADC bit-length, t-f-tracking and UE receiver phase noise have also an effect on the 256QAM demodulation performance, and therefore they might be useful for  proper investigation on the feasibility of introducing 256QAM in DL in Rel. 12.
In [6, Section 7.10] it is defined that image rejection ratio (IMRR) of 25dB can be assumed in the UE receiver. Hence, one can conclude that a simplified model of UE receiver impairments where RX EVM is modelled as AWGN needs to take into account the noise floor given by IMRR requirements (in this case dominated by IQ imbalance). From Section 2, the signal-to-noise ratio (SNR) at the receiver is given by

SNR = = I’or / ((2Ioc + (2evm ).

For large values of I’or/Ioc, the variance of the inter-cell interference (2Ioc ( 0, and hence the upper-bound on the average received SNR is given by 

SNR max = I’or / (2evm = 1 / EVM2rx.

The RX EVM values corresponding to a certain SNR max can then be written as

EVM2rx = 1 / SNR max.

Figure 2 shows the RX EVM obtained from the expression above as a function of different values of SNR max. Here we assume TX EVM is zero in order to isolate the contribution of the receiver impairments through RX EVM alone. 

For the minimum UE requirement on the image rejection ratio (IMRR) of 25dB defined in [6], the corresponding RX EVM is given by 5.6%. In RAN1 evaluations it has been observed that EVM should not be larger than 4% in order to achieve system-level gains, implying on SNR max ~ 28dB, i.e. the UE implementation with respect to IMRR has to be at least 3dB better than the current requirements of [5], or even more more strict in case TX EVM is accounted for as well. It should also be noted that other receiver non-idealities of course contribute to the RX EVM as well but have not been considered here. Therefore for the UE to achieve the RX EVM of 4%, a IMRR even better than 28dB will be required (taking into account other non-idealities). Some (but for sure not all carrier-aggregation capable) terminal implementations will be able to provide this good receiver implementation, and consequently be able to support the 256QAM feature. But of course, not all terminals might be able to support such good receiver performance and consequently the 256QAM feature as such, depending, for example, on band & band combinations.

Proposal 3: RAN1 to capture the Rx EVM modelling and assume an RX EVM of 4% for further 256QAM DL investigations.
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Figure 2: RX EVM as a function of SNR max.

4
Conclusion
In this paper, we discussed the EVM modelling for DL 256QAM and practical considerations for BS EVM. And also we have analysed the relationship between RX EVM and general modelling of imperfections at UE receiver. 

Based on the discussions, we propose:

Proposal 1: To capture the Tx and Rx EVM modelling into RAN1 discussion. 
Proposal 2: Only focus on the power level 20dBm and 24dBm BSs for 256QAM discussion. And RAN1 to assume a Tx EVM of 4% for further 256QAM DL feasibility discussion.
Proposal 3: RAN1 assume an RX EVM of 4% for further 256QAM DL investigations since some good receiver implementations might be able to reach an equivalent RX EVM of 4%.
Text Proposal to TR36.872 annex A 3
<Append to the current content with:>

Adopting the EVM model provided in [x], the EVM modelling which shows the Tx impairments and Rx impairments should be as follows. The transmitter EVM is relevant with the part in red rectangle only and the receiver EVM is relevant with the part in blue rectangle only.
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As in [x], the noise variance of the modelled Tx EVM on each antenna will be defined relative to the power on each antenna according to: 
For single Tx antenna: 
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For multiple Tx antenna: 
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Where 
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 is the AWGN noise variance which is the Tx impairments added at the transmitter, and 
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is the total transmit power spectral density (integrated in a bandwidth corresponding to the transmission bandwidth configuration) of the downlink signal, as measured at the eNodeB antenna connector.   

The SNR on Tx, according to (3), when just meeting the EVM evaluated, should be 24.4dB for EVM of 6% or 28dB for EVM of 4%. 

The noise variances of the interference sources and the Rx impairments at the receiver are given by:

For single Rx antenna:


[image: image20.wmf]))

/

'

(

1

.

0

(

^

10

2

oc

or

or

Ioc

I

I

I

´

-

×

=

s

(5)

[image: image21.wmf]2

1

2

'

Rx

o

Rxevm

EVM

I

´

=

s


[image: image22.wmf] (6)

[image: image23.wmf])

/(

'

2

2

Rxevm

Ioc

or

Rx

I

SNR

s

s

+

=


[image: image24.wmf](7)
For multiple Rx antennas:
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(10) 
RAN4 conclude to focus on 20dBm and 24dBm BSs only. RAN1 shall assume a Tx EVM of 4% and a RX EVM of 4% for further 256QAM DL feasibility discussion. 
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