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1.	Introduction
[bookmark: _Hlk83824963]The requirements for FR1 coherent UL MIMO are specified in section 6.4D.4 of [1] and shown below. As highlighted they are specified at the UE antenna ports. In this contribution, we justify and propose to modify the requirements so that the requirements apply at the antenna connectors. 
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 ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, 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 port 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))
-	When UE is not configured with uplink switching with parameter uplinkTxSwitching-r16; or when UE is configured with uplink switching with parameter uplinkTxSwitching-r16, and the capability [uplinkTxSwitching-PSUCH-TransCoherence] is absent or indicated as [‘coherent’]; or when UE is configured with uplink switching with parameter uplinkTxSwitching-r16, the capability [uplinkTxSwitching-PSUCH-TransCoherence] is indicated as [‘non-coherent’], and uplink switching is not triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10] between last transmitted SRS and scheduled transmission.


	 We also think that the current requirements in 6.4D.4 Requirements for coherent UL MIMO are not detailed enough to allow RAN5 and so TE vendors to proceed.



2.	Discussion
2.1.	On the need to change the measurement/applicability location
In FR1, the available physical access for measuring the relative power/phase errors (aka gain/phase imbalances, assuming same intended power) are at the physical antenna connectors where both relative phase and power errors can be measured for SRS and DMRS during the specified time window. 
[image: cid:image018.png@01D7AA18.8B916E60]
Figure 1 - Time line for UL MIMO Operation [2]
The aim of the requirements of Table 6.4D.4-1 in [1] is to check that amplitude coherence and phase coherence are maintained compare to the last SRS during the time period, instead of checking how the absolute phase and absolute power vary and drift [3]. It seems then fine to determine these parameters at the antenna connectors and not refer them to the antenna ports.
Observation 1: The aim of the FR1 UL coherent MIMO requirements is to guarantee that the relative power and the relative phase are within a certain range during a specific time period, not to guarantee that the absolute phase and absolute power are within a certain range during a specific time period.
Observation 2: Due to the nature of the requirement parameters being relative and not absolute, their values should be identical between the antenna ports and the physical antenna ports.
However, we think that it would be better to be specify the requirements at the antenna connectors due to the terminology and nature of the requirements, and also for consistency with FR2 requirements.
2.1.1.	Nature of the requirements/Terminology
The relative phase and power errors are mainly due to the RFFE gain/phase imbalances (aka. power/phase offsets), which are particularly due to components such amplifiers, mixers, PAs, filters… All components which have their phase and gain responses varying not only with process but also the UE (battery) voltage and temperature. So even during a time window of 20ms, the relative phase and power errors may vary and drift [3].
The use of the term “power” in the requirements implies that the location where the requirement applies must be at some point in the RF chain (where there is actual power transfer, and not simply bits as in digital or voltages across large resistance as in the analog chain). The UE antenna connectors are the perfect locations as they are accessible to the TE and supposed to be matched to 50 impedance as the TE RF connectors are.
Other parameters such as EVM, SNR make sense to be specified at RF, antenna port, layer. But this does not apply to parameters such as relative phase error and particularly relative power error.
Observation 3: Specifying parameter such as relative power error at the antenna port (logical port) is not appropriate, the specification at actual physical antenna ports makes more sense for RF related parameters.
2.1.2.	Consistency with FR2 requirements
As it can be seen below the FR2 requirements [4] for coherent UL MIMO are different from the ones for FR1. As highlighted in gray, the requirements apply at the “physical antenna ports” which correspond to antenna connectors in the case of FR1.
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different physical antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, 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 physical antenna port is larger than 0 dBm for SRS transmission and for the duration of time window. The requirement is verified with the test metric of EIRP (Link=TX Beam peak direction, Meas=Link angle).
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 apply when all of 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))


Observation 4: For FR2, the maximum allowable difference of relative phase and power errors requirements are specified at the physical antenna ports (corresponding to antenna connectors for FR1).
Proposal 1: Change the requirements of Table 6.4D.4-1 [1] as being defined at the antenna connectors instead of as currently at the antenna ports.
2.2.	On the need for detailing measurements in Annex F
We think that the current requirements in 6.4D.4	Requirements for coherent UL MIMO are not detailed enough to allow RAN5 and so TE vendors to proceed.
· Symbols used for calculation
· It is clear that the reference is the “last SRS transmitted”. Regarding the symbols used in each slot, should the calculation made based on only the DMRS symbols or it be based DMRS+Data symbols?
· The relative phase and power errors for each slot, should it be an instantaneous or an average over a slot?
· What RF correction in the TE should be enabled. The frequency error correction should be enabled as if uncorrected would lead to phase rotation and so phase error.
· [bookmark: _Hlk85795956]Even if “power” implies “power measurement” and so is associated with “RF”, it should be made clear by formulas for both relative phase and power errors: what need to be assumed to avoid any misunderstanding i.e. is what is targeted “RF” (phase such as due to electrical length/power) or “modulation analysis” (phase/magnitude) related measurements.
Observation 5: Section 6.4D.4 does give the requirements but extra details are necessary to avoid different assumptions between TE vendors and maintain consistency.
Proposal 2: Create a section in the Annex F of the 38.101-1 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.
2.3.	The ±
To avoid possible misunderstanding, it may also be relevant to add a ± sign for both the difference of relative phase error and difference of relative power error requirements.
Observation 6: Difference of relative phase error and difference of relative power error requirements are given without a ± sign which can lead to different interpretations.
Proposal 3: Add a ± sign to the “difference of relative phase error” and “difference of relative power error” requirement values given in Table 6.4D.4-1 [1].
The proposed changes are shown in Annex A.

3. Conclusion
Based on the discussion above, we propose the following:
Observation 1: The aim of the FR1 UL coherent MIMO requirements is to guarantee that the relative power and the relative phase are within a certain range during a specific time period, not to guarantee that the absolute phase and absolute power are within a certain range during a specific time period.
Observation 2: Due to the nature of the requirement parameters being relative and not absolute, their values should be identical between the antenna ports and the physical antenna ports.
Observation 3: Specifying parameter such as relative power error at the antenna port (logical port) is not appropriate, the specification at actual physical antenna ports makes more sense for RF related parameters.
Observation 4: For FR2, the maximum allowable difference of relative phase and power errors requirements are specified at the physical antenna ports (corresponding to antenna connectors for FR1).
Proposal 1: Change the requirements of Table 6.4D.4-1 [1] as being defined at the antenna connectors instead of as currently at the antenna ports.
Observation 5: Section 6.4D.4 does give the requirements but extra details are necessary to avoid different assumptions between TE vendors and maintain consistency.
Proposal 2: Create a section in the Annex F of the 38.101-1 where details of the relative power error and relative phase errors and their measurements can be added as appropriate.
Observation 6: Difference of relative phase error and difference of relative power error requirements are given without a ± sign which can lead to different interpretations.
Proposal 3: Add a ± sign to the “difference of relative phase error” and “difference of relative power error” requirement values given in Table 6.4D.4-1 [1].

4.	References
[bookmark: _Hlk83825984][1] 38-101-1, “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”, version 15.15.0
[2]	R4-1800313, ‘On UL-MIMO Network Simulation Assumptions’, Qualcomm Incorporated, RAN WG4 AH1801, San Diego, CA, USA, Jan 2018
[3] R4-1712388, ‘Coherent UL MIMO’, Qualcomm Incorporated, RAN WG4 #85, Reno, CA, USA, Nov-Dec 2018
[4] 38-101-2, “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”, version 15.15.0
 


Annex A - Proposed changes in section 6.4D.4 of 38.101-1
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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 mseg

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))





