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In RAN4#94e-Bis, 95e meeting, EVM equalizer moving average calculation issue raised by Keysight and Rohde &Sshwarz as [1][2], and WF [3] from 95e meeting approved. This contribution is to provide more information about remaining points summarized in WF document and the issue of moving average calculation and proposed resolution. Also, providing improved proposal text for each Annex clause of affected TS documents, TS38.104, TS38.141-1/-2.
Description
In WF [3], following points are summarized as remaining points on moving averaging discussion. It is important that, during discussion, no question raised on necessity of this part of modification for non-contiguous allocation/TM2 case.
Here is excerpt from WF[3];
Q1: How should DM-RS averaging be performed for TM2
· Option 1. Mimic approach in new figure using only 1 RB (sliding window sizes of 1, 3, 5, 5, 3, 1), 
· List of averaging window size from lower frequency (for each three lower/middle/higher end of allocation) for Opt 1.
· At lower end in frequency, list of averaging window size [1,3,5,7,9,11,13,15,13] for 9 DMRS subcarrier
· In the middle of frequency, averaging window size [1,3,5,5,3,1] for 6 DMRS subcarrier
· At higher end in frequency (channel edge), averaging window size [1,3,5,5,3,1] for 6 DMRS subcarrier
· Option 2: average over all RS 
· Option 3: do nothing 
· Option 4: Different methods should be used at the edge of channel band and at the edge of contiguously allocated RBs; for example, for single RB case, averaging window sizes of 1, 3, 5, 5, 5, 5 for RB at the lower channel edge, averaging window sizes of 5, 5, 5, 5, 5, 5 for RB in the middle of the channel, averaging window sizes of 5, 5, 5, 5, 3, 1 for RB at the upper channel edge
· List of averaging window size from lower frequency (for each three lower/middle/higher end of allocation) for Opt 4
· At lower end in frequency, list of averaging window size [1,3,5,7,9,11,13,15,15] for 9 DMRS subcarrier
· In the middle of frequency, averaging window size [5,5,5,5,5,5] for 6 DMRS subcarrier
· At higher end in frequency (channel edge), averaging window size [5,5,5,5,3,1] for 6 DMRS subcarrier
· Option 5: other

Regarding with applicability of method;
Q2: Should the change averaging change be specific to TM2
· Option 1: yes
· Option 2: generalize for all TMs
(end of excerpt from WF)

Q1, Averaging method
Regarding with method for averaging, since discussion were done around Option 1 vs Option 4 and no other comments/support on other options, analysis done on these two options for comparison. 
It is important to re-cap current Annex description of standard [4~6] about EVM equalizer. Here is excerpt of step 3 test where equalizer description exist;
The equalizer coefficients for amplitude and phase  and  at the demodulation reference signal subcarriers are obtained by computing the moving average in the frequency domain of the time-averaged demodulation reference signal subcarriers. The moving average window size is 19. For reference subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure L.6-1.
It is summarized as following;
· First; Time-averaged demodulation reference signal subcarriers 
· Second; computing the moving average in the frequency domain on time-averaged values
· Exception at or near the edge of the channel; For reference subcarriers at or near the edge of the channel the window size is reduced accordingly as per figure L.6-1.
· Note to emphasis: 
· coefficients computation is with demodulation reference signal subcarriers
· time domain averaging is performed for measurement interval first
· for frequency domain averaging, moving average window size is 19.
With Option 1, which is original proposal by [1][2] has been described in previous discussion paper, key point of this approach is;
· Good for non-flat characteristic of Tx path in channel response, because value is using the subcarrier where EVM calculated result represent more accurately of Tx characteristic
· Weakness is, less number of subcarriers used for averaging at or near the edge as opposed to Option 4. Calculated value could have unnecessary poor under noise condition.
· Assumption made, EVM measurement is done with good SNR condition so that AWGN impact should be small.
With Option 4, which is raised during previous meeting by [7], proposing more number of demodulation subcarriers to use for averaging under assumption of AWGN dominant channel condition.
· Good for AWGN dominant channel with more number of subcarriers are used for averaging at or near the edge of allocation. 
· Weakness is used value is not on the subcarrier where to calculate EVM but from average centered where five (at most) subcarrier apart. As opposed to Option 1, possibly causes unnecessary poor measured result.
· Assumption made, AWGN impact should not be ignored and which is dominant on channel.

Here is illustration of each method. Please note that these are prepared for explanation purpose, and real condition varies depending on each individual cases and not possible to come up generic assumption.
Following, Figure 1 is re-cap of channel flatness graph of non-flat Tx characteristic with no or small AWGN in radio path from [2]
With non-flat characteristic, which we believe more realistic, there is small value difference between center subcarrier and subcarrier at RB edge, which causes small impact on measured EVM value (made it unnecessary a bit poor) 
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Fig 1. Reference signal allocation gap impact on moving average calculation (frequency range on each block is not exact amount – showing an example for explanation purpose only)
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			Fig 2. Enlarged graph of mid-section of non-flat characteristic and illustration of average value difference between 
			center and RB edge.

Following Figure 3 is illustrated channel response with AWGN dominant case, as it shows, there is more random change on graph. Please note that, with this much noise, measured EVM is not so good and this graph is for illustrating channel condition for explanation purpose.
Because channel response is randomly changed depending on amount of noise impact, however, co-efficient calculation procedure first calculates time-domain averaging, random impact is minimized already before frequency domain calculation as this graph shows histogram by color of trace. Time-averaged value is around Red trace not with yellow peaks. And Red color is not much varying as Yellow trace. Please note that, this graph taken with flat characteristic of channel, meaning Tx path is flat.
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Figure 3. Frequency channel response of AWGN added flat channel with histogram view. On Left, full range of 100MHz Bandwidth, on Right 72 subcarriers in the center of frequency scaled. Color difference shows amount occurrence in time. With have AWGN added, random variation can be observed. On left, light blue show more occurrence and it tells that time-averaging makes good result, On right, more occurrence in RED in middle and small variation, less occurrence in Yellow.

Observation
Each method Option 1 and Option 4 has pros and cons, which works better or not depending on assumed Tx path and channel condition. It is also correct that difference of these two method is small.
For the case of Tx path is really flat and channel condition is AWGN dominant, more number of subcarrier (Opt 4) to use for averaging has advantage. However, assuming modulation analysis (EVM) measurement is done with good SNR and less AWGN impact, using value on subcarrier (Opt 1) can provide more accurate evaluation of Tx path condition avoiding unnecessary degradation of non-flatness of Tx path.

Proposal
We prefer to use Option 1 but with the fact that difference is small, if venders agree with worrying more on noise impact, Option 4 is also acceptable.

0. Q2. Applicability
Regarding with applicability, we, as test equipment vender who implement equalizer calculation in test equipment, prefer to make this method as generic for non-contiguous allocation, not specific to TM2. Key advantage and reason of preference of making it generic is to avoid human error, while TM2 specific implementation needs to have parameter to set to specify incoming signal is TM2 and uses TM2 specific calculation, which could lead to human error (forgetting to set parameter). Generic approach can be automated to detect non-contiguous case and choose appropriate calculation method.
In previous meetings, detail calculation and analysis described was only around TM2, here is how calculation method can be applied on other cases (more RBs but with non-contiguous to adjacent allocation)
TM2 has just 1RB on center and higher frequency edge, and 3 RB at lower frequency edge. Here is how calculation can be extended to 2, 3, 4 RB allocation in center and higher edge allocation. 
· For the case of 2 RB which has 12 DMRS subcarriers
· With Option 1, 
· in the middle [1,3,5,7,9,11,11,9,7,5,3,1], same for at the higher edge
· With Option 4,
· in the middle [11,11,11,11,11,11,11,11,11,11,11,11], at the edge [11,11,11,11,11,11,11,9,7,5,3,1]
· For the case of 3 RB which has 18 DMRS subcarriers
· With Option 1, in the middle [1,3,5,7,9,11,13,15,17,17,15,13,11,9,7,5,3,1], same for edge
· With Option 4, in the middle [17,17,17,17,17,17,17,17,17, 17,17,17,17,17,17,17,17,17]
· At the edge [17,17,17,17,17,17,17,17,17, 17,15,13,11,9,7,5,3,1]
· With 4 RB which has 24 DMRS subcarriers
· With Opt 1, in the middle [1,3,5,7,9,11, 13,15,17, 19,19,19, 19,19,19, 17,15,13,11,9,7,5,3,1], same for edge
· With Opt 4, in the middle [19,19,19,19,19,19, 19,19,19, 19,19,19, 19,19,19,19,19,19,19,19,19]
· At the edge [19,19,19, 19,19,19, 19,19,19, 19,19,19, 17,15,13, 11,9,7, 5,3,1]
· For lower frequency edge of RB allocation, because of PDCCH, even with 3RB can reach more than 19 moving averaging, so that same logic and benefit even with smaller number of RB.
Overall, having more number of RBs make more number of subcarriers to be averaged, which provide better result on both cases. And no other issues and worry by having more RBs and subcarriers. Same advantage and weakness as it’s done on 1RB.
[bookmark: _Hlk39092058] 
Observation on each channel condition;
Applying these method on more number of RBs allocation (non-contiguous), provide a little better result than 1RB (TM2) case with increased number of subcarriers to average.  
There is no need to make it TM2 specific.

Proposal
Proposes to apply method on any non-contiguous allocation for inside channel, not to make TM2 specific.

Proposal
For averaging method;
We prefer to use Option 1 but with the fact that difference is small, if venders agree with worrying more on noise impact, Option 4 is also acceptable.

For applicability;
Proposes to apply method on any non-contiguous allocation for inside channel, not to make TM2 specific.

[bookmark: _GoBack]Following CRs are submit for agreement, proposed text is from last state of previous meeting;
· R4-2011285	CR to 38.104: Annex B and C clarification on equlisation calculation (B.6, C.6)
· R4-2011286	CR to 38.141-1: Annex H clarification on equlisation calculation (H.6)
· R4-2011287	CR to 38.141-2: Annex L clarification on equlisation calculation (L.6)
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