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1. Introduction

This contribution initiates the discussion on a suitable methodology for deriving E-UTRA EVM BS requirements. Also some initial indications for the required EVM are provided.
Regarding EVM definitions for E-UTRA BS see [6]. Further considerations regarding EVM requirements are provided in [7].
The methodology for deriving the EVM BS requirement for HSDPA was discussed in [1,2]. In [1] the EVM requirement has been based on a 5% Tput loss criteria for selected Ec/Ior values. The Tput loss was obtained from link level simulations in AWGN channel conditions for 2 specific FRCs. The Tput loss due to the EVM caused by a variety of TX impairments (IQ imbalance, DC offset, clipping noise, phase noise) was studied and compared to the impact from TX AWGN with identical EVM. The AWGN noise model was shown to be a reasonably good approximation these TX impairments.

While the above mentioned RF impairments are relevant also for OFDM, there are a couple of additional aspects to consider for E-UTRA:
1. 64QAM modulation
2. A variety of n x m TX-RX configuration: e.g. 1x2, various 2x2 MIMO schemes (under discussion in RAN1)
3. Multiple BW options with perhaps different link performance (e.g. related to multipath diversity, FDPS gains)
4. New spatial channel models (SCM) with wider BW and spatial correlation modelling
5. New modes of RR allocation, e.g. FDPS
64QAM and MIMO will lead to lower EVM requirements than UTRA, thus reducing the budget available for clipping and PAPR reduction. The methodology for deriving E-UTRA EVM requirements needs therefore be carefully selected so that on the one hand good system performance for relevant deployment scenarios is ensured, but on the other hand the EVM is not over-specified. The latter outcome could potentially lead to increased cost for E-UTRA BS and/or need for some mitigation like reduced maximum TX power for certain signal configurations.
2. Modelling assumptions

In order to obtain a first impression of the range of possible E-UTRA EVM requirements, this contribution studies 2 simplified semi-analytical methodologies for estimating Tput losses: 

1. AWGN is used to model the TX impairments.
2. Analytical SNR expressions including the TX AWGN are used for the various TX-RX structures for AWGN and flat fading channel conditions. These SNR expressions assume ideal receiver operation which tends to overestimate the required EVM. They are described further in Appendix B.
3. Ideal link adaptation / MCS selection is assumed (no CQI errors, delays, etc). 
4. Fading channel conditions are assumed as stationary and the resulting Tput will be averaged across 10000 independent fading channel realisations. 
5. In order to obtain the Tput for a particular channel, the available C/I is calculated first according to step 2.) and then used in a envelope MCS Tput curve for look-up of the resulting Tput. In the 2x2 MIMO case this is done for each stream separately. This is reminiscent of the approach used in [4]. The used envelope MCS Tput curve is described in Appendix A.
6. Antenna correlations (as defined e.g. for the SCM) are not included here either which tends to overestimate the required EVM for MIMO
7. Target Tput loss due to EVM was 5 %.
The envelope MCS curve used for Tput look-up as presented in Appendix A was assuming 64QAM MCS and was also used for the MIMO examples. Unless said otherwise, the 2x2 MIMO results refer to the “SVD MIMO” scheme described in Appendix B.

3. Method 1: Equal EVM – unequal Tput loss across MCS
Here we study a single fixed EVM requirement for all MCS which leads then to unequal Tput losses across the range of MCSs. This is an evolution of the methodology used for HSDPA.
Figs. 1 and 2 show the Tput loss of 6.5 % EVM in AWGN channel conditions using the SNR expressions of Appendix B.
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Fig. 1. Impact of 6.5% EVM, ideal Shannon capacity (C = log2(1+SNR)) used for Tput look-up
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Fig. 2. Impact of 6.5% EVM, MCS approximation from Appendix A used for Tput look-up

The 2 curves are identical until the Tput saturation point of the MCS envelope is reached at 17.7 dB (14.7 dB for 1x2) in Fig. 2, ref. the MCS approximation in Fig. A.1. Once the instantaneous C/I gets above this threshold nothing can be gained, but also not lost any longer. The peak Tput loss is ~5 % around the Tput saturation point using 64QAM MCS. We notice that this is significantly less than the 12.5 % required for 16QAM in HSDPA.
It’s clear from Fig. 2, however, that for most but a few instantaneous C/I values around the peak, the Tput loss will be far less than 5 %. If one would set now the EVM requirement for all other RB / MCS based on the worst case 6.5 % requirement of a 64QAM modulated RB / MCS in the present composite signal, the average system Tput loss will be   < 5%, i.e. we would have over-specified the EVM on the expense of increased PAPR which is undesirable from PA cost point of view. While this methodology was acceptable for HSDPA, it may not be any longer for E-UTRA with the tighter 64QAM EVM requirements.
Therefore, one should consider for E-UTRA an averaging procedure in which the instantaneous C/I (or MCS) distribution obtained from realistic deployment scenarios is weighted with the corresponding EVM Tput loss from the curve in Fig. 2. Then one would set the EVM requirements so as to obtain an average system Tput loss of 5 %.
Now, the actual C/I (or MCS) distribution of realistic deployment scenarios depends on quite a number of system parameters, e.g.
· Cell type (macro / micro / pico), average C/I (“G-factor”) distribution
· Fading channel profile, E-UTRA BW  (available diversity)
· IC scheme to improve cell edge C/I
· PS (fairness criteria, FDPS, …)

· TX-RX configuration (e.g. C/I gain for 1x2 w.r.t. 1x1)

We will not pursue this here further in this contribution in generality, but only provide a very simplified example for the possible EVM relaxation which such an averaging procedure could offer. For this, we will average the Tput loss due to EVM at a fixed average C/I (i.e. “G-factor” or location) across 10000 independent flat fading channel realisations. This is shown in Fig. 3 for 8.5 % EVM and we see that ~5 % Tput loss can be achieved at all locations:
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Fig. 3. Impact of 8.5 % EVM when averaged over flat fading conditions at each location
Fig. 4. shows the corresponding impact of 8.5 % EVM in AWGN with a peak Tput loss ~8 %:
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Fig. 4. Impact of 8.5 % EVM in AWGN

Fig. 5 explains how the spread of the instantaneous C/I values due to flat fading mitigated the 8 % peak Tput losses at the location with average C/I = 14.7 dB down to < 5%. All instantaneous C/I values outside the interval [11, 15.5] dB contributed to < 5% Tput loss. Contribution [8] provides initial results for the reduction of the BS PAPR this averaging is able to provide.
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Fig. 5. Instantaneous C/I distribution after MRC in 1x2 for the location with average C/I = 14.7 dB
In this example the averaging was carried out only over the (flat) fading conditions at a given location. As indicated above, averaging over the locations itself should perhaps also be included. Fig. 6 shows average G distributions obtained from a frequency re-use 1 macro cell scenario in TR 25.814 as well as from a Manhattan micro-cell scenario as defined in TR25.816 Scenario 5 (please refer to [3] for more details regarding these distributions). 
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Fig. 6. Macro and Micro cell average G (C/I) distributions 

For macro cells, the statistically low average C/I values will result in very small probabilities for the selection of the 64QAM MCSs, as shown in Fig. 7 for the G = 2 dB median value. When combined with Fig. 4, we see that in realistic deployments, 50 % of the users may never even be able to experience a >5 % Tput degradation with 8.5 % EVM.
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Fig. 7. Instantaneous C/I distribution after MRC in 1x2 for the location with average C/I = 2 dB
However, the instantaneous C/I (MCS) distributions of micro cells are expected to be significantly different (Fig. 6) and therefore it should perhaps be considered to define EVM requirements for each of the 3 BS classes separately. We believe that RAN4 should conduct further studies in the area of suitable EVM averaging procedures and candidates for instantaneous C/I (or MCS) distributions reflecting realistic deployment scenarios for the 3 BS classes.
4. Method 2: Unequal EVM – equal Tput loss across MCS

Here we study a set of MCS-specific EVM requirement which leads to an equal Tput loss (5 %) across the range of MCSs. This is a new methodology which has not been used for HSDPA. 

For this to be meaningful we need to be able to define E-UTRA EVM in the frequency (constellation) domain rather, than in time domain as for UTRA. Such RB / MCS specific EVM definition is proposed in [6].

Let us calculate the required EVM for, say, 5% Tput loss for each instantaneous C/I value (corresponding to a certain MCS). The definition of the approximating envelope MCS Tput curve in Appendix A is 
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. Assume that the TX AWGN has power M and the receiver AWGN has power N. Then the condition that the TX AWGN should lead to 5% Tput loss can be expressed as:
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Solving this condition for 
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[Note: This expression does not depend on the implementation margin 
[image: image13.wmf]a

of the MCS approximation and this is the reason why the Tput losses in Figs 1 & 2 were identical up to the Tput saturation point of the MCS envelope.]
This is plotted in Fig. 7 for the range of the approximating envelope MCS Tput curve of Appendix A:
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Fig. 7. Required EVM for 5% Tput loss

So, according to this methodology the EVM requirement would be a table of EVM vs MCS values according to Fig. 7 or similar; the mapping of instantaneous C/I values to MCS can be found from Fig. A.1. Note that some of the table EVM values could and would need to be significantly larger than specified for UTRA.
In order for this approach to provide benefits in terms of reaching a low PAPR, 2 things are essential:

1. The clipper would need to able to project the clipping noise non-uniformly onto RBs according to the (unequal) EVM requirements. The “Tone Reservation” (TR) PAPR reduction method described in 25.814, Sect. 9.2.1.4.1. is an example for such a clipping architecture
.
2. The distribution of RBs / MCS to be defined in the E-UTRA TM must follow the MCS distribution of realistic deployment scenarios as was discussed in the previous Section. If most or all RBs in a TM contain 64QAM MCSs, there are no subcarriers where to project the clipping noise to; hence a higher PAPR will result, unless some mitigation is provided.
One could say that while Method 1 is averaging the EVM requirements in time domain (across multiple fading instants), here the averaging happens in the frequency domain (across RBs used in a TM). In both cases it’s crucial to understand the actual C/I (or MCS) distribution of realistic deployment scenarios.

5. Additional Observations
Here we collect a few additional observations.

EVM impact and TX-RX configurations
The peak Tput loss due to EVM does not (in AWGN, Fig. 2) or only insignificantly (fading channel averages, Fig. 3) depend on the TX-RX configuration. The 1x2 Tput loss curve can be obtained in AWGN from the 1x1 curve by a 3 dB shift towards lower C/I (3 dB diversity gain). However, the EVM impact has the same shape as 1x1, as also the TX noise will be coherently combined in the UE. 

The EVM impact for 2x2 SVD MIMO in AWGN is identical to 1x1 (Fig 2.). This is due to the fact that under ideal conditions MIMO will separate the two streams completely and provides the information theoretic capacity of two 1x1 AWGN channels. This behaviour holds also approximately in fading channel conditions (Fig. 3).

Hence, the (peak) EVM impact does not primarily depend on the TX-RX configuration, but on the underlying MCS envelope and especially the MCS “saturation point”, here 17.7 dB. 

MIMO algorithms
SVD MIMO with equal TX powers (see Appendix B) was chosen as it is reaches the information theoretic channel capacity with unknown CSI at the transmitter (assuming Shannon AWGN channel capacity on the eigenchannels), see [5]. This could be interpreted as a near-ideal algorithm and thus one would expect the EVM impact to be nearly maximal. The self-noise generated in actual receivers (e.g. due to imperfect channel estimates / stream separation) will reduce the impact from TX noise compared to the results shown here. 

To get a first feel for the EVM impact also for other MIMO schemes, results for a simple ZF decorrelating receiver are shown in Fig. 9 and compared with those of SVD MIMO in Fig. 8 for 8 % EVM in flat fading channel conditions. There is no significant difference in the EVM impact.
When selecting MIMO schemes for E-UTRA, care should be taken however, that the scheme does not suffer from TX noise in some “non-linear” fashion, e.g. due to some error propagation throughout the SIC stages. 
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Fig. 8. Impact of 8 % EVM on 2x2 SVD MIMO
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Fig. 9. Impact of 8 % EVM on 2x2 ZF MIMO

Validity of the AWGN TX impairment model
It needs to be verified that the used iid AWGN TX impairment model on which this methodology is crucially relying upon (TX AWGN in the used C/I expressions), is really applicable. At the indicated levels of ~8 % EVM one expects clipping noise to be the dominant TX impairment. 
In Fig. 10 the statistics of the real part of the error vector due to clipping noise and PA non-linearity at 8 % total EVM is tested for normality. It appears that the AWGN assumption is quite reasonable. 
If this observation would be confirmed by other companies, it would allow reducing the link level modelling / simulation effort considerably as not all of the possible TX impairments would need to be analysed separately, but could be substituted by TX AWGN.
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Fig. 10. Statistics of clipping noise at 8% EVM

6. Summary and Conclusions

This contribution provided first suggestions regarding the methodology for deriving E-UTRA EVM requirements for the BS. 
Two approaches were presented:

1. a single EVM requirement, obtained from averaging the Tput losses of MCS distributions across fades and resulting in unequal instantaneous Tput losses across the MCS envelope
2. a set of unequal MCS-specific EVM requirements resulting in equal Tput loss across the MCS envelope
Results obtained with Method 1 indicate that an EVM of 8.5 % should be sufficient for good average system performance, including 64QAM and MIMO. Results obtained with Method 2 indicate that an EVM of 6.5 % would be required for the RBs carrying the highest Tput MCS, however, that RBs carrying lower Tput MCS could have much relaxed EVM requirements.
Method 1 may perhaps be easier to specify, is more suitable for more straightforward uniform clipping approaches and may still result in quite acceptable PAPR values. Method 2 requires specification of a table of EVM values for each MCS and is more suitable for more advanced clipping approaches which can selectively project clipping noise onto the RBs. Which way to go forward would require feedback from other companies regarding required EVM levels, suitable Test Models and related impacts on PAPR.
In any case, it is not recommended to have a single worst case EVM requirement (e.g. 6.5%) to be uniformly applied for all MCS and RBs without taking the actual C/I (i.e. MCS) distribution of realistic deployment scenarios into account, either during an averaging process (Method 1) or during definition of the TM (Method 2). This would be overly restrictive and does not allow the full potential of PAPR reduction to be available for E-UTRA BS.
In light of the lower EVM requirements needed for E-UTRA and the related impacts on PAPR and cost of PA, it is seen as beneficial that RAN4 would develop and agree methodologies which allow deriving the EVM requirements as close to the required minimum for good system performance as possible and which would provide maximum scope for PAPR reduction. This, however, will increase the work amounts compared to HSDPA.
In order to finalize a methodology for deriving E-UTRA EVM BS requirements further work and agreement in the following areas is required:
· MCS to be used and /or suitable envelop MCS look-up curves
· How to obtain the Tput loss as function of EVM for the various TX-RX configurations? Can the semi-analytical approach of this contribution be used in order to avoid extensive link level simulations?
· Agreement on the TX-RX configurations and receiver assumptions to be used for the derivation of the EVM requirement. This also requires further information regarding selected E-UTRA MIMO schemes
· Agreement whether ideal UE receivers should assumed or whether some RX impairments will be assumed
· Verification that the AWGN model is suitable to model the dominant TX impairment (i.e. clipping noise) and thus detailed modelling of other RF impairments can be dropped
· Proposals for instantaneous C/I (or MCS) distributions reflecting realistic deployment scenarios for the 3 BS classes. Proposals how the EVM related Tput losses should be averaged over the MCS distributions
· Agreement on maximum allowed Tput loss
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Appendix A – Definition of the envelope MCS Tput curve
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Fig. A.1. Used MCS Tput curves and approximating MCS envelope
Link level Tput simulations were carried out with the following assumptions:

· 1TX x 1RX

· AWGN channel
· 10 MHz BW

· HARQ/IR

· ideal CHE
· 14 % overhead from pilot
· Overheads from CP and guard carriers included
The difference to the AWGN results in [3, Figs. A.4, A.5] is, that some of the overheads are included.
Definition of the approximating envelope MCS Tput curve:

C = 0.65 * log2(1+SNR); 
C = 0 for SNR < -8 dB; 
C = 3.8378 for SNR > 17.7 dB
Note: this envelope curve (using 64QAM) was also used for the MIMO examples, however, MIMO may be restricted to 16QAM, FFS.
This leads to the following channel capacity as function of average C/I for 1x1, 1x2 and 2x2 (SVD MIMO):
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Fig. A2. Channel capacity as function of average C/I for 1x1, 1x2 and 2x2 (SVD MIMO)

Appendix B – SNR equations with TX noise
Following signal definitions are used. All signals are to be understood in the OFDM constellation domain:
s
complex baseband representation of wanted signal with power S

m
complex baseband representation of TX AWGN (impairment) with power M 
n
complex baseband representation of AWGN at the receiver with power N

h
complex baseband representation of flat fading channel (uncorrelated complex Gaussian distributed samples, normalised to unity power)

· m and n are assumed to be uncorrelated
· m is assumed uncorrelated across TX branches

1x1 SNR Model:
Signal model: 
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Resulting SNR for flat fading channel realisation: 
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Resulting SNR for AWGN channel: 
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1x2 SNR Model with ideal MRC combining:

Signal model: 
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Resulting SNR for flat fading channel realisation: 
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Resulting SNR for AWGN channel: 
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2x2 SVD MIMO with equal power split between the TX branches:
Signal model: 
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SVD: 
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SVD transformation: 
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Resulting SNR in stream i for flat fading channel realisation:   
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Resulting SNR for AWGN channel (applies to both streams): 
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Note: SVD MIMO reaches the MIMO channel capacity with unknown CSI at the TX (if Shannon AWGN channel capacity is used on the eigenchannels), see [5]: 
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with eigen-decomposition 
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2x2 ZF decorrelating MIMO with equal power split between the TX branches:

Signal model: 
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Pseudoinverse: 
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ZF decorrelating: 
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Resulting SNR in stream i  for flat fading channel realisation:   
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� The “tones” would be the high EVM RBs / subcarriers
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