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1. Introduction

The Node B Equalizer (EQ) definition for LTE EVM has been discussed at recent meetings but still remains incomplete, see references [1] to [5]. Contribution [5] laid out three possibilities for how to resolve the definition and this contribution furthers that discussion.
The proposed way forwards from [5] was:
1. Decide on 802.16-2004 method vs. defining a constrained equalizer

2. If the answer to #1 is a constrained equalizer then choose between polynomial vs. linear interpolation. Preference from Agilent Technologies and Rohde & Schwarz is for linear interpolation due to its computational simplicity and bounded performance in the frequency domain. Agilent further proposes moving average, R&S leaves this detail FFS.

3. Agree on EQ time averaging. Working proposal is to leave this at one sub-frame and average EVM results across 10 subframes. Alternatively use a higher value e.g. the P-SCH period of 5 subframes as an upper bound.

4. Investigate whether it is useful to allow the EVM minimization process to iterate the applied equalizer coefficients or whether a single pass approach to generating the equalization coefficients is sufficient.
This paper will look at the first three items leading to two alternate text proposals to 36.804 provided in [6] and [7].
2. Comparing W-CDMA and OFDM demodulation
It is undoubtedly the case that UE performance in an operational network relies on closely guarded receiver algorithms, not least the behaviour of the equalizer across a wide range of interference and channel propagation conditions. For this reason it has not been possible - or perhaps not even reasonable - to expect a practical equalizer definition based on a real UE to be defined for the EVM measurement. For W-CDMA we did not have this EQ issue since the transmit filter was defined and EVM was measured through a complimentary matched filter. In addition, the nature of CDMA despreading means that the impact of equalization errors is on the average symbol error rate – since all codes no matter how narrow in the code domain occupy the entire channel bandwidth.
In E-UTRA the situation is very different. Firstly, there is no transmit filter defined and consequently no equivalent matched filter for EVM. Secondly, and of more significance, the symbol error rate on any OFDM subcarrier will directly correlate with the ability of the receiver to accurately determine the amplitude and phase of the signal from the reference symbols. Estimation errors, particularly for 16QAM and 64QAM, will significantly reduce the probability of error-free demodulation.
In summary, EQ errors in CDMA systems impact the average symbol error rate but OFDM symbol errors are sensitive to specific EQ errors on any subcarrier. Channel coding will obviously help average out the effects but since user allocations can be much less than the entire channel bandwidth, OFDM remains more sensitive to EQ than CDMA where all codes occupy the entire bandwidth.

3. Comparing operational and conformance scenarios
In an operational network the equalizer challenges are significant:
· Wide range of Es/N0 from very good through to negative geometries
· Propagation conditions from static through to high speed

· EQ algorithm needs to be dynamic according to the conditions

· EQ goal is primarily to remove the effect of the unknown channel
· Goal of EQ is to minimize residual EVM as perceived by the receiver

Conditions for the equalizer in a conformance environment are much simpler:
· Very good geometry – the Es/N0 is primarily limited by clipping noise

· Static propagation conditions allow the possibility of long averaging not possible in real network

· EQ algorithm does not have to be dynamic – conditions are always known
· EQ goal is only to remove the unflatness of the signal which is expected to be worst at the edges
· Goal is to determine a benchmark EVM result, a high or low result is not helpful to link budgeting
From this it is clear that the behaviour of any simplified EQ used for developing EVM requirements is not going to represent a solution for network operation. As such, great care needs to be taken to avoid the possibility that the EQ used for conformance testing does not under or over perform when compared to a real UE. The consequences of such a mismatch would be the expense of either equipment over design or system under performance.
4. Laboratory metrology versus operational “magic”

One way out of this operational versus metrology dilemma is to remove the performance of the EQ from the problem and instead focus on the amplitude flatness and phase flatness (group delay) of the signal. These metrics can be determined by applying an ideal equalizer making use of all the information in the reference symbols. The advantage of this approach is that it removes all the uncertainty that exists in predicting system performance from the EVM measured by an artificial EQ compared to what is seen in a real system. By specifying amplitude flatness and group delay we know exactly the limits on the Node B signal, and most importantly, the UE receiver designer knows exactly the limits that will exist on the signal entering the dynamic channel. Such transparency should result in metrics that provide the maximum amount of information about how the system will operate.
It is noted that a similar EVM definition based on IEEE standard 802.16TM-2004 [8] was first presented a year ago by Nokia in [9]. At that time Agilent was not in favour of an unconstrained equalizer although the significance of the addition of an amplitude flatness spec to [8] was not fully understood. By adding a flatness spec, the metrology problems of an unconstrained equalizer in determining the quality of a signal are partially solved. However, to fully resolve this conflict, it is necessary to go beyond [8] and also define phase flatness (group delay) across the channel since demodulation in the complex plane is just as sensitive to phase errors as amplitude errors. In retrospect, [9] may have been ahead of its time and it has taken several meetings for the debate in RAN WG4 to fully engage.
Given the passage of time it would undoubtedly be simpler and quicker to avoid having to think about limits for amplitude and phase flatness but these parameters and their impact will not cease to exist because we do not specify them. If we choose a constrained EQ methodology this will certainly clean up the signal, but in ways which will be near impossible to correlate with how a real UE would handle the same signal in the wide range of dynamic propagation and interference conditions that prevail in the network.
Basing link budgets for a new high performance system on a measurement that does not correlate easily with network performance does not feel appropriate. Alternatively, setting limits on signal amplitude and phase across the channel leaves nothing to chance. With this information UE receiver simulations can be done using the worst case allowed signal such that performance for any proprietary UE design can be calculated for all the desired propagation and interference conditions.

For the above reasons it is proposed that E-UTRA Node B EVM is based on an unconstrained equalizer with the addition of limits for both amplitude flatness and group delay. A proposal for this can be found in [6].

5. Alternative - define a constrained equalizer
The alternative to the proposal in [6] is to define a constrained equalizer. The choices for this have been discussed in [5] and a summary is presented here.

From a metrology perspective it is highly desirable to remove any aspects of the measurement definition that increase the variability of the result, and given the outstanding unknown elements of the signal shape and detailed equalizer definition, it is preferable to define an equalizer methodology which has a deterministic output for any given input. This is not the case for the current definition based on polynomial curve fitting. Calculating measurement uncertainty and subsequent test tolerances with such a definition would be much more complex than with a deterministic equalizer definition. It would be possible to narrow down the potential variability in curve fitting with further specification of the polynomial function but this feels like unnecessarily complicated work when simpler alternatives exist. A suitable equalizer could be defined as follows:
· The equalizer response shall be deterministic and based on a moving average of the reference subcarriers of the signal.

· Information obtained from the data shall not be used as this is unlikely to be available to the UE and has the potential to increase the variability between implementations.
· The length of the average shall be [9] adjacent reference symbols (5.5 degrees of freedom). At the edge of the signal, the number of points to use for the penultimate reference symbol shall be 3 and the final reference symbol will have no averaging.
· The response shall be calculated independently for amplitude and phase using linear interpolation between the averaged reference symbols.
The advantages of this definition are:

1. It is simple to understand and implement than the polynomial approach
2. The use of a moving average reduces the performance from that obtained using interpolation of all pilots which was considered too good

3. The definition can be the same for all channel bandwidths

4. It will provide a stable reference against which link budget and other debates can rely and the potential for variations between EVM implementations is minimized

5. The algorithm will naturally provide more accurate correction at the channel edges and less in the middle – by comparison, the performance of high order curve fitting on wider signals may obscure undesirable signal perturbations anywhere in the channel
6. The definition resolves the open issues in 36.804 6.8.1.1.6 and enables this aspect of the definition to be completed.
A text proposal to 36.804 for the above can be found in [7].

6. Equalizer length
This remains an open issue. [10] at this meeting proposes taking advantage of the static conditions to calculate the EQ over the entire measurement interval of 10 sub-frames. This is clearly going to give the best results and minimize computation. However, it is necessary to consider if this approach is in the best interests of predicting system behaviour. Given that the conformance test conditions have a static channel the bulk of any reference symbol noise is going to come from signal clipping. In a real environment the UE will not be able to average EQ over such a long period and so it may be fairer to assess Node B EVM by averaging the result of ten successive sub-frames, each individually equalized, than to calculate the EQ across the average of 10 sub-frames and then average the resulting ten individual EVM results.
7. Conclusion

Considering the importance of setting realistic and stable requirements for Node B signal quality Agilent proposes [6] as the safest way forwards for E-UTRA. If this is not agreed then the alternative constrained equalizer approach in [7] is proposed. This is based on a simple moving average rather than polynomial curve fitting. The choice of equalizer length remains open although we feel that the length should be defined by what is typical of a UE in the network and not what would result in the lowest EVM results in a static test channel.
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