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1. Introduction
[bookmark: _GoBack]At RAN4 #102-e, a Way Forward [1] was created where it was agreed to add an “Annex G” to the 38.101-2 [2] containing the different elements necessary for RAN5 and TE vendors to pursue the work on the FR2 UL coherent MIMO feature. However, in that WF and the equivalent WF for FR1 [3] there are also several points unclear or still presenting different options. The intent of this contribution is to try answering those unclear points as well as having in annex a proposal of CR to 38.101-2 as committed for FR1 during RAN4 #102-e.
The 6.4D.4 requirements [2] specify both phase and power requirements, but this contribution mainly concentrate on the phase related ones.
[bookmark: _Toc21344347][bookmark: _Toc29801833][bookmark: _Toc29802257][bookmark: _Toc29802882][bookmark: _Toc36107624][bookmark: _Toc37251390][bookmark: _Toc45888259][bookmark: _Toc45888858][bookmark: _Toc61367543][bookmark: _Toc61372926][bookmark: _Toc68230874][bookmark: _Toc69084287][bookmark: _Toc75467297][bookmark: _Toc76509319][bookmark: _Toc76718309][bookmark: _Toc83580640][bookmark: _Toc84405149][bookmark: _Toc84413758][bookmark: _Hlk101256729]6.4D.4	Requirements for coherent UL MIMO
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

[…]




2. Discussion
The points treated in the discussion section are the following:
1. Symbols used for calculation and equalization.
2. The need of CFO on slot-by-slot basis and the impact of performing it.
3. Frequency and time domain steps of the measurement method.
2.1. Symbols used for channel estimation
DMRS REs are enough to estimate MIMO channel, which includes phase shift on UE side.
However, when properly processed, Data symbols helps DMRS to reduce the noise effect. The help by data symbols is limited because:
· sample increase is small (14 symbols instead of 3 symbols).
· data symbols are unknown (if hard decision failed, it affects channel estimation).
Observation 1: DMRS REs are enough to estimate MIMO channel.
Proposal 1: The channel estimation should be determined based on DRMS REs with the option to use data symbols.
2.2. CFO
In the WF for FR1 [3], it was pointed out that the need for CFO correction was put as necessary in various documents but not demonstrated as such, also its impact was not analysed and that there was the possibility that it is instead detrimental to the intended measurement. Below are detailed the reasons for the need for CFO correction and the impact on the actual measurement.
2.2.1. The need of CFO correction on slot-by-slot basis
To determine for each slot a unique phase number from the channel estimation made on the 3 DMRS symbols, the usage of such techniques as linear averaging or LSE is necessary. However, such techniques require reasonable small linear phase rotation between the DMRS symbols of a slot.
Indeed, the DMRS symbol at position symbol #2 of each slot is employed as reference, but the linear phase distortion makes it and the other symbols including DMRS symbol #7 and #11 rotates.

[image: ]
Figure 1 - Effect of 1% normalized CFO on symbols of a slot (DMRS symbols: #2, #7, #11).


Even for conformance testing conditions which does not lead to a Doppler shift, a CFO is still possible between the UE and TE. Due to various effects (process, temperature, voltage, humidity, aging…) the UE Tx local oscillator and TE Rx local oscillator are likely not to have the same frequency leading to a carrier frequency offset and so linear phase rotation of the received signal constellation.
[bookmark: _Hlk101527091]The symbol-to-symbol linear phase rotation is given by  where  is the normalized CFO calculated as  with the carrier frequency offset , the subcarrier spacing and the frequency error of . Figure 1 shows the case of a 1% normalized CFO (with DMRS symbol #2 as reference) corresponding to a symbol-to-symbol linear phase rotation of 3.6° on data symbols and DMRS symbols of a slot.
Considering the worst-case values of the parameters used for calculating the normalized CFO for FR2 i.e.:
· The subcarrier spacing  =60kHz (the smallest value of the different numerologies available for FR2).
· A carrier frequency  = 71GHz (the highest carrier frequency in FR2).
· The frequency error of = 0.1ppm (clause 6.4.1 of [2]).
The worst-case carrier frequency offset  7.1 kHz and so the worst-case normalized CFO  equal to 11%, leading to a worst-case symbol-to-symbol linear phase rotation equal to 42.6° for FR2
The linear phase rotation can then be as high as:
· 213° (5 symbols x 42.6°/symbol) between symbol #2 and symbol #7 and
· 383.4° (9 symbols x 42.6°/symbol) between symbol #2 and symbol #11.
It is necessary to reduce the normalized CFO value to such a value that linear phase rotation is small enough: CFO correction is needed. When noise is the only error, LSE method is a good solution to remove noise effect on channel estimation.
The fact that slot-by-slot CFO correction is needed is the fact that clause 6.4.1 is valid for 1ms so the next 1ms a CFO correction is probably necessary to maintain the ±0.1ppm frequency error.
Observation 2: The linear phase rotation between the DMRS symbol #2 and additional DMRS symbols can be high enough such that techniques as LSE cannot be used to determine slot phase from the DMRS symbols.
Observation 3: The CFO within a slot needs to be corrected to reduce linear phase rotation to a level manageable to such techniques as LSE. As clause 6.4.1. is valid for 1ms, the CFO correction needs to be applied every millisecond i.e. every slot in the case of the 60kHz subcarrier spacing.
2.2.2. The impact of performing CFO on slot-by-slot basis
The TE by applying a common frequency correction during a slot for both Ant1 and Ant2 signals at the UE antenna outputs, can:
· reduce significantly the frequency error at each antenna and so have the effect of linear phase rotation significantly reduced.
· keep the relative phase rotates at the same rate than the relative frequency error between Ant1 and Ant2, and so not having an impact on their slot relative phase errors.
For each slot, the common frequency correction could be simply calculated as the average of the signed frequency errors at the two uplink physical antennas i.e.:

UE local oscillators used for Tx1 and Tx2 should be the same or derived from the same reference clock, so the frequency error between them should be relatively small, so the new normalized CFO should be small and so the linear phase rotation also allowing to use LSE.
In Table F.1.2-1 of [4] as shown below, the maximum test system uncertainty is starting not being negligible for frequency error reported to the carrier spacing, ±0.01ppm frequency error corresponds to a normalized CFO  of 1.18% (60kHz SCS at 71GHz) i.e. about 4.3° of symbol-to-symbol linear phase rotation. It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4D.4. requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
	[bookmark: _Hlk101426326][bookmark: _Hlk101439291]Table F.1.2-1: Maximum Test System Uncertainty (MTSU) for transmitter tests
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.4.1 Frequency Error
	± 0.01 ppm (NTC & ETC testing)
	MTSU = 1.00 x MU (from B.10.1 and B.10.2 in TR 38.903)







Observation 4: Applying a frequency correction at the UE antenna outputs can reduce significantly the frequency error at each antenna and so have the effect of linear phase rotation significantly reduced.
Observation 5: Applying a common frequency correction during a slot for both Ant1 and Ant2 signals at the UE antenna outputs can keep the relative phase rotates at the same rate than the relative frequency error between Ant1 and Ant2, and so not having an impact on their slot relative phase errors.
Observation 6: The common frequency correction could be simply calculated as the average of the signed frequency errors at the two uplink physical antennas.
Observation 7: It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4D.4. requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
Proposal 2: The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction at the two uplink physical antennas.
Proposal 3: The common frequency correction should be calculated as the average of the signed frequency errors at the two uplink physical antennas.
2.3. Steps of the measurement method
[bookmark: _Hlk101523751]Below are detailed the steps necessary to obtain the maximum difference of relative phase error during the 20ms time window. As shown it is not possible to strictly categorize the measurement method used as a frequency domain one or time domain one: both domains being involved:



Figure 2 - Time line for UL MIMO Operation.


1. Determination of the SRS relative phase error based on the last SRS transmitted on Ant1 and Ant2, that relative phase error serves as a reference for the calculation of the difference of relative phase error for each slot of the 20ms time window.
· The output is the “SRS relative phase error” for the last SRS transmitted: .
2. CFO correction on slot-by-slot basis using a common frequency correction for both antenna outputs. Each slot to be characterised has then its CFO corrected.

3. [bookmark: _Hlk101527466]Determination for each subcarrier and each antenna of the slot phase based on the 3 DMRS symbols of the slot using channel estimation based on the LSE technique. 
· The output is one vector of dimension  for each antenna.
4. Calculation for a slot for each subcarrier of the relative phase error (relative so between Ant1 and Ant2). 
· The output is subcarrier relative phase errors of a slot: .
5. Calculation for a slot of the DMRS relative phase error based on the quadratic mean (RMS) of the subcarrier relative phase errors determined in step 4. 
· [bookmark: _Hlk101178034]The output is a “DMRS relative phase error” for a slot: .
6. Calculation for a slot of the difference of relative phase error based on the “SRS relative phase error” (reference) determined in step 1 and the “DMRS relative phase error” determined in step 5.
· The output is a “difference of relative phase error” value for a slot: .
7. Perform for each slot of the 20ms time window, steps 2 to 6.
· The output is a “difference of relative phase error” vector: .
8. [bookmark: _Hlk101174539]Calculation of the maximum value of the “difference of relative phase error”.
· The output is the “difference of relative phase error” that should be verified as complying with the ±40° requirement: .
Proposal 4: The steps of the measurement method as described in section 2.3. should be documented in Annex G of the 38.101-2.


3. Conclusion
Based on the discussion above, we propose the following:
[bookmark: _Hlk101171719]Observation 1: DMRS REs are enough to estimate MIMO channel.
Observation 2: The linear phase rotation between the DMRS symbol #2 and additional DMRS symbols can be high enough such that techniques as LSE cannot be used to determine slot phase from the DMRS symbols.
Observation 3: The CFO within a slot needs to be corrected to reduce linear phase rotation to a level manageable to such techniques as LSE. As clause 6.4.1. is valid for 1ms, the CFO correction needs to be applied every millisecond i.e. every slot in the case of the 15kHz subcarrier spacing.
Observation 4: Applying a frequency correction at the UE antenna outputs can reduce significantly the frequency error at each antenna and so have the effect of linear phase rotation significantly reduced.
Observation 5: Applying a common frequency correction during a slot for both Ant1 and Ant2 signals at the UE antenna outputs can keep the relative phase rotates at the same rate than the relative frequency error between Ant1 and Ant2, and so not having an impact on their slot relative phase errors.
Observation 6: The common frequency correction could be simply calculated as the average of the signed frequency errors at the two uplink physical antennas.
Observation 7: It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4D.4. requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
Proposal 1: The channel estimation should be determined based on DRMS REs with the option to use data symbols.
Proposal 2: The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction at the two uplink physical antennas.
Proposal 3: The common frequency correction should be calculated as the average of the signed frequency errors at the two uplink physical antennas.
Proposal 4: The steps of the measurement method as described in section 2.3. should be documented in Annex G of the 38.101-2.
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ANNEX A – To be added in annex G of 38.101-2
<< Unchanged part is omitted>>
< start of changes >
Annex G (normative):
Difference of relative phase error

G.0	General
This annex gives further information needed for understanding and implementing 6.4D.4. The following terms should be understood as follow:
· Relative phase: refers to the phase shift/difference between different physical antennas, which should be ideally 0 degree. It should be understood as for a slot i.e. (slot) relative phase. It is calculated based on DMRS symbols of that slot or on SRS symbols.
· Relative phase error: refers to the phase shift/difference between different physical antennas, which if different from 0 degree is considered as an error. It should be understood as for a slot i.e. (slot) relative phase error. It is calculated based on DMRS symbols of that slot or on SRS symbols.
· Difference of relative phase error: refers to the difference between the relative phase error determined based on DMRS symbols and the relative phase error determined based on the SRS transmitted.
G.1	Measurement Point
Figure G.1-1 shows the measurement point for the unwanted emission falling into non-allocated RB(s) and the EVM for the allocated RB(s).


Figure G.1-1 - Measurement point for difference of relative phase/power error for UL coherent MIMO


G.2	Relative Phase Error Measurement
Here are listed the different aspects that may lead to different interpretations.
G.2.1. Symbols used
It should be determined based on DRMS REs (3 DMRS symbols per slot) with the option to use data symbols.
G.2.2. CFO correction
The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction at the two uplink physical antennas, that common frequency correction should be calculated as the average of the signed frequency errors at the two uplink physical antennas.
G.2.3. Steps of the measurement method
Below are detailed the steps necessary to obtain the maximum difference of relative phase error during the 20ms time window.
1. Determination of the SRS relative phase error based on the last SRS transmitted on Ant1 and Ant2, that relative phase error serves as a reference for the calculation of the difference of relative phase error for each slot of the 20ms time window.
· The output is the “SRS relative phase error” for the last SRS transmitted: .
2. CFO correction on slot-by-slot basis using a common frequency correction for both antenna outputs. Each slot to be characterised has then its CFO corrected.

3. Determination for each subcarrier and each antenna of the slot phase based on the 3 DMRS symbols of the slot using channel estimation based on the LSE technique. 
· The output is one vector of dimension  for each antenna.
4. Calculation for a slot for each subcarrier of the relative phase error (relative so between Ant1 and Ant2). 
· The output is subcarrier relative phase errors of a slot: .
5. Calculation for a slot of the DMRS relative phase error based on the quadratic mean (RMS) of the subcarrier relative phase errors determined in step 4. 
· The output is a “DMRS relative phase error” for a slot: .
6. Calculation for a slot of the difference of relative phase error based on the “SRS relative phase error” (reference) determined in step 1 and the “DMRS relative phase error” determined in step 5.
· The output is a “difference of relative phase error” value for a slot: .
7. Perform for each slot of the 20ms time window, steps 2 to 6.
· The output is a “difference of relative phase error” vector: .
8. Calculation of the maximum value of the “difference of relative phase error”.
· The output is the “difference of relative phase error” that should be verified as complying with the ±40° requirement: .

< end of changes >


ANNEX B – 6.4D.4	Requirements for coherent UL MIMO
For reference is given below the 6.4D.4 requirements [2] including the list of conditions:6.4D.4	Requirements for coherent UL MIMO
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))
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