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[bookmark: _Ref465244136]Introduction
In RAN4#94e-Bis meeting, EVM equalizer moving average calculation issue raised by Keysight and R&S as [1], and WF [2] approved. This contribution is to provide more information about 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 [2], following point are agreed already and further discussion needed around wording and clarification on moving average calculation at the edge. Here is excerpt from WF [2] as discussion summary;
In summary, comments are on following three points; 
· [bookmark: _Hlk39092058]Agreement  EVM equalizer inaccuracies caused by gap of DM-RS allocation due to low RB allocation
· Issue presents most significantly in TM2
· Modification wording on moving average to be fine tuned 
· Clarification on detail of moving average calculation at the edge 
And here is approved Way forward;
· Proposal 1; Further discuss and finalize wording modification in next RAN#4 meeting (RAN4#95-e)
                   Interested companies are encouraged to provide further comment and feedback.
· Proposal 2; TE venders are to provide clarification on calculation detail.

In this contribution, more detail information about clarification on the issue and solution is provided as well as improved wording for modification text proposal.
1. For more detail information about clarification on how moving average applied and calculated on NR and the issue caused by gap of DM-RS allocation
As described in tdoc presented in RAN4#94e-bis [1], the issue is created because of difference of reference signal allocation between LTE and NR, however still applying the same moving average calculation (current method description copied from LTE). In more detail on reference signal allocation difference, while LTE always has reference signal allocated over entire frequency range inside signal bandwidth, however NR has reference signal only where RBs are allocated. This creates, in NR, gap of reference signal allocation in frequency domain when low RB allocation.
EVM equalizer calculation described in Annex of standard [3~5] uses reference signal and frequency domain calculation is described in step 3. Here is excerpt from Step 3 text from standard;
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.
This same method copied from LTE assumes reference signal allocation contiguously exist over frequency range. In NR, for example TM2, RBs are allocated only at the edge and center of channel band, which makes reference signal allocated non-contiguously with gap. This cause trouble on moving average calculation. As above Step 3 describes, exceptional case of moving average calculation defined at the edge of channel but not inside even with such allocation gap exist. 
Here is more detail on calculation process of Step 3 on moving average calculation.
For example, with using TM2 below as example, 
[image: cid:image016.png@01D5CA6D.1DB47770]
Fig 1. NR-FR1-TM2 5MHz BW 30KHz SCS allocation example (Yellow is PDCCH, Blue is PDSCH)	
In this example, 
· from bottom (lower in frequency) PDCCH is allocated for 3RB wide and PDSCH is with 1RB wide
· in the middle PDSCH with 1RB wide
· at top (higher in frequency), PDSCH is with 1RB wide. 
Demodulation reference signal from both PDCCH and PDSCH is used for Step 3 calculation, here is list of Subcarriers which reference signal exist;
0, 1, 2, 4, 5, 6, 8, 9, 10, 13, 17, 21, 25, 29, 33, 60, 62, 64, 66, 68, 70, 120, 122, 124, 126, 128, 130
There are total 27 subcarriers with DMRS, and there are reference signal allocation gaps between RBs allocated at the edge and the one in the middle which is between #33 and #60, and #70 and #120. As described in Step 3, moving average size of 19 or less is applied over these gaps for most of subcarriers in this example, which causes problem described below. With using this list of subcarriers, following is example of average value calculation on subcarrier #64, which uses data from subcarrier #10 through #130 going over two gaps. 
0, 1, 2, 4, 5, 6, 8, 9, 10, 13, 17, 21, 25, 29, 33, 60, 62, 64, 66, 68, 70, 120, 122, 124, 126. 128, 130
Because actual channel is not flat within these frequency range (see Fig 2 as example), both amplitude and phase gradually change up or down inside channel, gap in frequency causes jump on data of amplitude and phase, and which causes apart from right value with averaging. And at the end, this causes poor EVM measured result.
Following (Fig 2) is channel flatness example from 100MHz channel example, 
[image: ]
Fig 2. Channel Flatness from example of 100MHz BW NR-FR1-TM2 – showing changes in entire bandwidth	
Figure 3 illustrate impact of data jump caused by gap on allocation. Orange shade area on channel flatness graph is illustration of DMRS allocation area of TM2, graph below is to illustrate actual graph plot with where DMRS allocation and used for averaging calculation. Orange line with (A) on above graph indicates average value at the center subcarrier when data for averaging from subcarriers nearby exist for comparison. (Note, with TM2, there is no such data nearby out side of orange shaded area. This line is to illustrate where average value should be in this example) Yellow line with (B) on graph below indicates average value calculated with data from TM2 which supposed not to be too much of difference from (A) but different due to jump on data used for averaging. This difference is from data used for averaging is taken where apart in frequency and not closely related for calculation. Please note that this is to illustrate the issue using one example, and each individual shaded box lines are not exactly accurate. And any channel is not perfectly flat and shows different characteristics.
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Fig 3. 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)
In short, gap in allocation causes jump on data and use of not closely related data for averaging, then makes coefficient value apart from the value should be. For actual EVM result impact, please see sample result shown in later in this document.
In order to solve this, averaging should use data where nearby, not apart. 

2. Proposed resolution
In Step 3 description, there is exceptional case already defined and used in LTE for the channel edge where less than size=19 subcarriers used for averaging. Proposed solution is to use the same method at the edge of any allocation gap.
With taking TM2 example from 5MHz 30kHz SCS described before, subcarriers to be grouped into three RB allocation and averaging for within each allocation not to go over gap to prevent jump on data and use of not closely related value.
· 0, 1, 2, 4, 5, 6, 8, 9, 10, 13, 17, 21, 25, 29, 33 (for allocation where lower in frequency)
· 60, 62, 64, 66, 68, 70 (in the middle)
· 120, 122, 124, 126. 128, 130 (for allocation where higher in frequency)
There maybe other method to deal with this issue, however, because described method for channel edge already exist and TE venders prefer not to make calculation too complicated, we prefer to use existing method.
While these example uses TM2 and currently defined problematic test models are TM2 and 2a, TE venders prefer to make definition future proof and more generic, not to be specific to TM2. So that TE venders prefer not to make text to describe this is specific to TM2/2a only.
3. Proposed wording
Here is proposed wording change. For step 3, same as the last state from previous meeting, and slight modification on additional text in figure.

The moving average window size is 19 and averaging is over the DM-RS subcarriers in the allocated RBs. For DM-RS subcarriers at or near the edge of a set of contiguously allocated RBs or when the allocation size is smaller than the moving average window, the window size is reduced accordingly as per figure L.6-1. 

· Text added (in Blue font) in the figure for the case of smaller RBs allocation than moving average size
The subsequent 7 subcarriers are averaged over 5, 7 .. 17 subcarriers
From the 10th subcarrier onwards the window size is 19 until the upper edge of the channel is reached and the window size reduces back to 1

For the case of number of reference subcarrier in contiguously allocated RB is smaller than the moving average window size, use reduced window size for averaging as described in this figure

The first reference subcarrier is not averaged
The second reference subcarrier is the average of the first three subcarriers
Reference subcarriers














Figure L.6-1: Reference subcarrier smoothing in the frequency domain

4. Sample measured EVM result with or without modification on Step 3 of averaging
Here is result of proposed modification. Fig 4 shows measured EVM result from TM2 100MHz BW with following current description without modification. Fig 5 shows EVM result with proposed modification. Because removal of not closely related data in averaging process on step 3, coefficient becomes as what it should be with Fig 5 and result is good. For comparison, Fig 4 with calculation following current description causes unnecessary poor EVM value due to use of not closely located data for averaging, which can also be observed from constellation diagram on far right.
[image: ]
Fig 4. EVM measurement result (value in red circle) following current description without modified averaging proposed in this document. (sample data is with TM2 with 100MHz BW)

[image: ]
Fig 5. EVM measurement result (value in red circle) with modified averaging proposed in this document. (sample data is with TM2 with 100MHz BW)

	
Conclusion
Propose modification to add clarification of use of moving average calculation for equalizer. Otherwise it could possibly create poor EVM result on TM2 and 2a.
[bookmark: _GoBack]Following CRs are submit for agreement;
· R4-2007436	CR to 38.104: Annex B and C clarification on equlisation calculation (B.6, C.6)
· R4-2007437	CR to 38.141-1: Annex H clarification on equlisation calculation (H.6)
· R4-2007438	CR to 38.141-2: Annex L clarification on equlisation calculation (L.6)
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