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1.	Introduction
An action item was captured in the way forward [1] at the #98-bis-e meeting in April, and companies were requested to bring analysis of comparison regarding blocks to measure transmit signal quality for FR2 MIMO layers, proposed from two companies [2][3]. In this paper we would like to show our analysis on two blocks, and also would like to raise one issue with an idea to derive spectrum flatness.

2.	Discussion
2.1 Comparison of measurement blocks for transmit signal quality in FR2 MIMO
Table 2.1-1 shows a result of our analysis with two kinds of measurement blocks from [1] and [2]. The biggest difference between those two methods is whether they utilize extra data sub-carriers in addition to DMRS symbols for the channel estimation or not.  
Table 2.1-1: Comparison of measurement blocks for transmit signal quality
	
	Method 1 (Rohde & Schwarz)
	Method 2 (Qualcomm)

	Sub-carriers/Symbols to estimate channel
	DMRS (3 symbols per slot maximum, QPSK modulated)
	DMRS + Data sub-carriers

	Expected accuracy
	Expected to be enough with 3 DMRS symbols per slot.
There is also a possibility that accuracy is higher when only DMRS symbols are used than with the addition of data sub-carriers especially in a case of higher modulation order data (e.g. 64QAM) with low SNR
	There is a chance that the accuracy becomes high thanks to the larger number of samples. But there is also a possibility that demodulation error may increase.

	Complexity of implementation
	Relatively low (Also has a good compatibility with existing SISO implementation.)
	High due to the data processing specific to MIMO. Implementation level of difficulty is high.


As mentioned in the previous contribution [2], it is possible to increase the number of symbols for an estimation of channels by using hard coded data symbols, there may be a chance that we can increase the accuracy by this method. On the other hand, there is also  possibility that we can obtain a better result by using only DMRS symbols when estimating channels since there are often cases where demodulation errors of data sub-carriers are produced when using higher modulation orders such as 64QAM,then in that case the channel estimation may become higher by utilizing only power boosted DMRS symbols.  
Observation 1: There are often cases where demodulation errors are produced due to high modulation order (e.g. 64QAM).
[bookmark: _Hlk71542818]Observation 2: There is a possibility that the reliability of channel estimation becomes higher by utilizing only power boosted DMRS symbols.
Proposal 1: Adopt method 1 for measurement block of FR2 MIMO.
However, since we do not have enough verification results on this matter, we would like to propose to carry out a verification campaign if time allows and see if utilizing only DMRS symbols is enough. 
Proposal 2: Companies are encouraged to bring measurement results to see if utilizing only DMRS symbols is enough. 

2.2 Clarification of assumption for deriving spectrum flatness 
 In the previous paper [2], there was a description that we derive a spectrum flatness by using inverse of channel matrix (estimate of the product HGW) ‘A’.
; where 
Here, H is the 2x2 OTA channel, G is the 2x2 diversity scheme that the UE uses, and W is the 2x2 precoder matrix.
We understand the logic to obtain the spectrum flatness by the proposed method. However, we would need to agree on an assumption for the channel matrix H. 
Unless we agree on the assumption that the matrix H is flat in a frequency domain, it is not possible to evaluate a UE spectrum flatness since it is not possible to extract only the factor corresponding to the UE spectrum flatness from the estimated F without assuming that matrix H is flat. 
Proposal 3: To evaluate a spectrum flatness of the UE, assume that matrix H is flat in a frequency domain.
This can also be assumed as the test environment in FR2 is an anechoic chamber and thus there should not be a fading with the OTA channel.

3. Conclusion
In this contribution, we have shown our analysis of the two proposed transmit signal quality measurement blocks [2][3] and also raised one issue with an idea to derive spectrum flatness.
Observation 1: There are often cases where demodulation errors are produced due to high modulation order (e.g. 64QAM).
Observation 2: There is a possibility that the reliability of channel estimation becomes higher by utilizing only power boosted DMRS symbols.
Proposal 1: Adopt method 1 for measurement block of FR2 MIMO.
Proposal 2: Companies are encouraged to bring measurement results to see if utilizing only DMRS symbols is enough. 
Proposal 3: To evaluate a spectrum flatness of the UE, assume that matrix H is flat in a frequency domain.

4.	References
[1] R4-2106127, “WF on agreements and remaining issues with FR2 test method enhancements”, Apple Inc., RAN4 #98-bis-e, Electronic meeting
[2] R4-2104489, “Transmit signal quality measurements by TE with dual pol Rx”, Qualcomm Inc., RAN4 #98-bis-e, Electronic meeting
[3] R4-2107111, “Text proposal to TR38.884: FR2 UL EVM measurements”, Rohde &Schwarz, RAN4 #98-bis-e, Electronic meeting

Page 1
