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1. Introduction
A number of contributions [3-7] challenge in one or more aspects the current agreements regarding the DL EVM definition in TR 36.804 [1]. Contributions [3,5] challenge the currently agreed EVM concept even on a principle level.
There is high time pressure to finalise the DL EVM definition in TR 36.804, as the content of this TR is expected to be transferred to TS 36.804 within the next meeting cycles and therefore should be stable. This contribution discusses the main contentious points raised in contributions [3-7] and proposes a way forward.
2. Discussion

Constrained vs unconstrained equaliser

Contributions [3,5] challenge the agreed concept of a constrained equaliser to be used in the EVM and propose instead an unconstrained equaliser + additional “flatness” requirements for amplitude / phase. 
First, it should be realised that the work on the constrained equaliser has consumed a significant amount of RAN4 meeting cycles and a large number of contributions were discussed in this area during the past one year.

Secondly, there are no “flatness” requirements for amplitude / phase within TR 36.804 and work on these would necessarily have to start from scratch. Our main concern, however, is that any discussion of appropriate “flatness” requirements is nothing else than the ‘constrained equaliser’ discussion in disguise and would bring RAN4 back to the starting point of an equalised EVM concept. 
The chief difficulty here is to assess the impact of ‘non-flatness’, as this will not only depend on different company’s assumptions of the DL equaliser, but also on the concrete and likely arbitrary “filter” model for the ‘non-flatness’ used during establishment of the requirement. 
The latter aspect has shown up already in the past with the difficulties in RAN4 during the assessment of UE phase-jumps related to the dynamics of the HSPA UL signal on BS demodulation performance. After considerable amount of meeting cycles a more or less arbitrary model for UE phase-discontinuity was used in conjunction with unspecified BS channel estimators. Our concern is that the same is going to happen here if RAN4 would decide to study impact of ‘non-flatness’ on UE / BS receivers by means of link level simulations. The immediate questions to come up are:
· What concrete simulation model should be used for the amplitude ripple of x dB between SCs ?
· What concrete simulation model should be used for the phase ripple of x deg between SCs ?

· What channel estimator should be used within the UE, e.g. optimised for slow speed ?

· What are the detailed simulation conditions (FRCs…) to be used for this evaluation ?
Obviously any subsequent “flatness” requirements for amplitude / phase will be as arbitrary as the used model for ‘non-flatness’ in the evaluation, therefore we don’t share the optimism expressed in [3] that this would add clarity to the EVM concept.

We recommend RAN4 to either finalise the work on the constrained equaliser, or if this is seen as not feasible within the given work plan time schedule, to drop the concept of an equalised EVM altogether and agree a conservative margin to be added on top of the EVM requirement which caters for the equaliser gain. Obviously, the latter would also be a rather arbitrary manner in reflecting the equaliser gains, but still required in order not to penalize BS implementation.
In the following we provide our recommendations for the case that RAN4 chooses to finalise the work on the constrained equaliser.

Standardised vs non-standardised computation of the DoFs used in the interpolation process

The DL EVM definition in TR 36.804 [1] uses currently a formulation of a minimum / best fit process in which the polynomial expansion coefficients are considered as optimisation variable. The details how to implement this minimisation over the polynomial expansion coefficients in the TE is currently not specified.

We recommended this approach in [2] in order to avoid standardising details of a complete UE channel estimator which is believed to require a significant amount of RAN4 meeting time. There are a number of issues to be considered such as the details related to time / frequency averaging of RS and/or use of data aided channel estimates and we proposed to leave these details to test equipment implementation.
However, it appears from the present contributions [3-7] that the majority of the companies is in favour of standardising the detailed channel estimation process used for computing the equalizer weights. We can also go along with this approach as long as realistic assumptions for time / frequency averaging of the RSs are made.
How to constrain the equaliser: polynomial approach [1] vs. moving average smoothing within the frequency domain [4]

In our understanding [4] essentially proposes frequency domain smoothing of the estimated channel response at the RS locations by applying a moving average filter. This constrains the amount of ripple an equaliser can remove, in particular in the middle of the channel.
We don’t have a strong opinion in choosing this approach over the currently agreed polynomial approach in [1]; if the majority of the companies feel this is a better way and the details of the moving average filter can be agreed easily, we can go along with this.
However, our understanding is that the proposed moving average filter is merely a frequency domain smoother and that the interpolation scheme from the RS locations towards the SCs still needs to be defined. For this we would then propose linear interpolation.
Time-domain smoothing of the estimated channel response 
The issue of time-domain smoothing of the estimated channel response at the RS locations appears also in [3-7]. So far, only [8] showed some quantitative assessment of the RS averaging length on the potential equaliser gain. None of the proponents of limiting the time-domain smoothing to just 1 subframe have shown any evidence that the equalised EVM would be lower than without any equaliser in the first place.
We share the concerns expressed in [7,8] and expect a reasonable length of the time-domain smoothing to be in the order of 5 … 10 subframes, however, this would need to be still investigated once the other above mentioned functions of the channel estimator are settled. In our opinion it is essential to agree on realistic assumptions for the time averaging of the RS; if this is not done we end up with a very complicated equalised EVM definition which would provide the same or even worse EVM results of a simple un-equalised EVM.
A moving average scheme similar to the proposal in [4] for the frequency domain can also be used for time-domain smoothing of the RS, with the actual time-averaging weights to be agreed further. The moving average scheme may then also track some of the dynamic changes in the channel e.g. due to CPE. The time-averaged channel estimates shall be available at the SCs carrying RSs at every subframe, so that they can be subsequently smoothed in the frequency domain by applying the moving average filter as in [4]. Then they can be linearly interpolated towards each SC location for the ZF process.
Equaliser weight update rate

With the interpolated channel estimates at each SC location being available every subframe, the ZF equaliser weights shall then be computed and kept constant during the subframe (as already agreed in [1]). 
3. Way forward

In case there is support in RAN4 for finalising the work on the constrained equaliser then we’d recommend the following way forward, based on the available building blocks of the present contributions [3-8]:
Take the EVM process definition in [6] as a basis and modify it accordingly as follows after the line estimate the TX-RX chain equalizer coefficients 
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for all resource elements by:
1. Add time time-domain smoothing of the estimated channel response at the RS locations, the actual time-averaging length (working assumption 5 … 10 subframes) and weights are FFS
2. Add the smoothing in the frequency domain by applying a moving average filter as proposed in [4]. This will yield averaged channel estimates at each RS location
3. Perform linear interpolation from these averaged channel estimates towards each SC location

4. Compute the ZF weights and equalise. 
Steps 1. – 4. are to be carried out for each subframe with the equaliser weights kept constant during the subframe duration; the resulting EVM will then be computed and averaged over 10 subframes with the formula as already agreed in [1].
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