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1.	Introduction
[bookmark: _Hlk83824963][bookmark: _Hlk95657511][bookmark: _Hlk95657803]The requirements for FR1 coherent UL MIMO are specified in section 6.4D.4 of the 38.101-1 [1] and shown below. The parameters specified “Difference of relative phase error” and “Difference of relative power error” are uncommon in 3GPP and different interpretations of the parameters and how to measure them is possible, the aim of this contribution is to give some details in Annex G of the 38.101-1 for the TE vendors and RAN5 to proceed with their work correctly as previously mentioned [2]. That is in a similar way that what is done for the EVM requirements which are given in 6.4.2.1 while details on how to perform the measurements are given in Annex F. We give in this contribution several proposals about aspects that should be detailed in Annex G of the 38.101-1 so there is common understanding and interpretation of the 6.4D.4 requirements. 

For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
Difference of relative phase error
Difference of relative power error
Time window
40 degrees
4 dB
20 msec

The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))





2.	Discussion
[bookmark: _Hlk95667086]In this Section is discussed and proposed details to be added in Annex G of the 38.101-1 so that there is common understanding and interpretation of the 6.4D.4 requirements.
2.1.	Location of information: Alphabet letter of the Annex
The UL coherent MIMO requirements are in section "6.4x Transmit signal quality" and so not in "6.4.2 Transmit modulation quality" as EVM, CL, IBE are. The "Annex F (normative): Transmit modulation" refers then to EVM, CL, IBE and not to requirements about "Transmit signal quality", it is then necessary to use another annex, we propose to create "Annex G (informative): Transmit signal quality" where details regarding UL coherent MIMO requirements can be documented.
Observation 1: UL coherent MIMO requirements are in section "6.4x Transmit signal quality" and so not in "6.4.2 Transmit modulation quality".
Proposal 1: Put details regarding UL coherent MIMO requirements in "Annex G (informative): Transmit signal quality".
2.2.	Channel estimation
In a similar as for JCE as agreed in another thread [3][4], the “relative phase error” and “relative amplitude” shall be calculated in frequency domain based on channel estimation.
Proposal 2: Channel estimation should be used for determining the relative phase and amplitude errors.
[bookmark: _Hlk95723546]2.3.	Symbols used for calculation
Either DMRS only symbols (DMRS resource elements i.e. pairs (DMRS symbol, DMRS subcarrier)) or DMRS + Data symbols can be used as the channel estimation between the two options should be relatively similar. 
	Symbols used
	Pros
	Cons

	DMRS only (DMRS REs)
	Excluding Data enables DMRS power to increase by 3dB, so that we can earn accuracy of channel estimation
	

	DMRS + Data
	DMRS+Data symbols may be safer because they are more sampling points
	Data subcarrier is unknown while DMRS subcarrier is known


Proposal 3: Use DMRS resource elements (DMRS symbol, DMRS subcarrier).
2.4.	Type of time measurement (instantaneous, average)
[bookmark: _Hlk94626590]The “relative phase error” and “relative amplitude” shall be calculated in frequency domain for each slot. There should not be then mention of “instantaneous” or “average over a slot”.
Proposal 4: The “relative phase error” and “relative amplitude” shall be calculated in frequency domain. There should not be then mention of “instantaneous” or “average over a slot”.
2.5.	RF impairment compensation enabled in TE - CFO
The carrier frequency offset (CFO) correction should be enabled and corrected for each slot individually, as if uncorrected it would lead to phase rotation and so phase error.
Proposal 5: CFO should be corrected for each slot.
2.6.	Equalization
Equalization is not required as the values for amplitude and phase can be determined from the channel estimation and so prior the equalization block.
Proposal 6: Equalization should not be used by the TE for performing the test.
2.7.	Block diagram and measurement point
A block diagram inspired of the "Figure F.1-1: EVM measurement points" should be used. It should show the location at which the errors need to be determined either directly or not.

Proposal 7: A block diagram shown in Figure 2 should be added in Annex G to indicate the reference point.
Figure 1 - Time line for UL MIMO Operation [4]

3. Conclusion
Based on the discussion above, we propose the following:
Proposal 1: Put details regarding UL coherent MIMO requirements in "Annex G (informative): Transmit signal quality".
Proposal 2: Channel estimation should be used for determining the relative phase and amplitude errors.
[bookmark: _GoBack]Proposal 3: Use DMRS resource elements (DMRS symbol, DMRS subcarrier).
Proposal 4: The “relative phase error” and “relative amplitude” shall be calculated in frequency domain. There should not be then mention of “instantaneous” or “average over a slot”.
Proposal 5: CFO should be corrected for each slot.
Proposal 6: Equalization should not be used by the TE for performing the test.
Proposal 7: A block diagram shown in Figure 2 should be added in Annex G to indicate the reference point.
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