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1. Introduction
At RAN4 #103-e meeting, a significant step was made towards how the testing of the UL coherent MIMO feature in FR1 should be performed with the addition of Annex G to the 38.101-1 giving information on how to perform the test [1][2][3].
However, some aspect related to how to ensure that the difference of relative phase and power errors in a given slot based on DMRS can be compared properly to those measured at last SRS transmitted was not discussed.
The aim of this contribution is to discuss some aspects that could lead to the definition of the RMC used during the test in such a way that proper comparison can be made between relative {phase, power} errors made on DMRS and relative {phase, power} errors made on SRS. The 6.4D.4 requirement stating a "Maximum allowable difference of relative phase and power errors in a given slot compared [within a 20ms time window] to those measured at last SRS transmitted [prior to that 20ms time window]".
2. Discussion
2.1. SRS-ResourceSet, “usage”
The requirements for UL coherent MIMO in section 6.4D.4 of the 38.101-1 [1] mention the “codebook” usage and “non-codebook” usage as the two possible use cases for UL coherent MIMO. The term “usage” refers to the parameter called “usage” contained in the RRC configuration of an SRS resource set. The valid values of this parameter are “codebook”, “nonCodebook”, “beamManagement”, and “antennaSwitching”.

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 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
[…]




An SRS resource set with usage set to “nonCodebook” can have one, two, or four SRS resources depending on UE capability, but each resource can only have a single SRS port. For UL coherent MIMO with its two-layer PUSCH transmission, an SRS resource set with two SRS resources is needed.

An SRS resource set with usage set to “codebook” can have one or two SRS resources depending on UE capability, but each resource can have one, two, or four SRS port(s). For UL coherent MIMO with its two-layer PUSCH transmission, an SRS resource set with one SRS resource using two SRS ports is enough.

However, as SRS resources can be multiplexed on the same comb (SRS comb spacing can be 2 or 4) using different cyclic shifts of SRS base sequence, it is possible to use the same REs for SRS port 1000 and SRS port 1001 for both codebook-based precoding and non-codebook-based precoding.

[image: ]
[bookmark: _Hlk110547985]Figure 1- Example of SRS resource mapping for SRS port 1000 and SRS port 1001 using SRS transmission comb-2, valid for codebook-based precoding and non-codebook-based precoding.

Observation 1: The UE may use:
· One SRS resource set with two SRS resources with each having one SRS port for non-codebook-based precoding.
· Example: SRS ports 1000 and 1001 corresponding to two different SRS resources.
· One SRS resource set with one SRS resource with each having two SRS ports for codebook-based precoding.
· Example: SRS ports 1000 and 1001 corresponding to a common SRS resource.
Proposal 1: The same SRS resource mapping should be used for non-codebook-based and codebook-based precoding when checking compliance to 6.4D.4 requirements.


2.2. “Frequency matching” between SRS & DMRS and antenna port aspects 
To ensure that the difference of relative phase and power errors in a given slot based on DMRS can be compared properly to those measured at last SRS transmitted, it is necessary to have:
1. As many REs with SRS and DMRS in frequency, the higher density the better the measurement will be as it allows better averaging.
2. The REs occupying the same SCs for SRS and DMRS i.e. them being aligned frequency-wise, as it is the usage to compare similar frequencies and there may be a slight difference in case of non-alignment.
SRS comb-2 (transmissionComb = n2) is then the most appropriate as it offers better density compare to the other possibility i.e. comb-4. DMRS configuration type 1 is the equivalent of SRS comb-2 i.e. one RS every two subcarriers. 
[image: ]
Figure 2- SRS comb-2 and comb-4.
An SRS transmission can occupy up to 272 RBs, it would be possible to use an UL RB allocation such that it is almost identical for SRS and DMRS (Example: c-SRS (SRS bandwidth configuration) = 63 (272 RB for BW 100MHz) and UL RB allocation = Outer_Full = 273RB for BW 100MHz).
The same SC (same CDM group) should be used for the pair of DMRS UL antenna ports i.e. DMRS port 0 and DMRS port 1.

SRS antenna port 1000 should be same as DMRS port 0. Also, SRS antenna port 1001 should be same as DMRS port 1. It is important that the paths between UE Tx and TE Rx are not changed during testing

[bookmark: _Hlk109750972]Observation 2: The higher the frequency density of SRS and DMRS the better the measurement due to averaging.
Observation 3: It is the usage to compare similar frequencies for calculating amplitude/phase difference and there may be a slight difference in case of non-alignment (as small as a SC) of the SRS SCs and DMRS SCs used for those calculations.
Proposal 2: DMRS configuration type 1 and SRS comb2 configuration should be used for checking compliance to 6.4D.4 requirements.
Proposal 3: The SRS and DMRS should occupy identical SCs.

2.3. Timing aspects of SRS and DMRS 
It is necessary to have DMRS mapping type A, as we want to have 3 DMRS symbols per slot during each slot of the 20ms time window. 
Observation 4: DMRS mapping type A with 3 DMRS symbols for each slot during the 20ms time window.
Proposal 4: Use of DMRS mapping type A with 3 DMRS symbols.

[bookmark: _Hlk110545496][image: ]
[bookmark: _Ref110599807]Figure 3- DMRS mapping type A - 11 PUSCH symbols and 3 DMRS symbols.

[bookmark: _Hlk110600082]To be in line with the UL RMC as defined in in Annex A.2 of 38.101-1[1] and 38.521-1 [5], it can be noted in Figure 3 that the REs corresponding to the odd subcarriers and DMRS symbols are non-allocated for data or DMRS. Having those REs empty will very much facilitate the measurements.

Observation 5: Having the REs corresponding to the “DMRS symbols” allocated only to DMRS (even SCs) or non-allocated to neither data or DMRS (odd SCs) will ease greatly the measurements.
Proposal 5: The REs corresponding to the odd subcarriers and DMRS symbols should be non-allocated for data or DMRS.
[image: ]
Figure 4- DMRS mapping type A (As we want to have 3 DMRS symbols per slot during each slot of the 20ms time window.
Regarding SRS, SRS Resources can span over 1,2, or 4 consecutive symbols of the last six symbols of the slot. The use of the maximum 4 consecutive SRS symbols could improve the accuracy of the measurement of the difference of relative phase and power in the last SRS.
[image: ]
Figure 5- SRS resource mapping for SRS ports 1000/1001 using SRS transmission comb-2, valid for codebook-based & non-codebook-based precoding, for 1,2, or 4 consecutive symbols.

Observation 6: SRS Resources can span over 1,2, or 4 consecutive SRS symbols. 
Proposal 6: Use 4 SRS symbols in the SRS slot.

2.4. UL RMC
[bookmark: _Hlk110549477]The same RMC as used for EVM testing should be used, it is described in Annex A.2 of 38.101-1[1] and 38.521-1 [5]. QPSK and Outer_full is good enough for this test because modulation scheme seems not to affect the phase shift and we can easily analyse QPSK . Also, it is because more RB is used, more accuracy we would get due to averaging sample.

Observation 7: The UL RMC described in Annex A.2 of 38.101-1 gives enough flexibility for 6.4D.4 requirement compliance checking.
Proposal 7: UL RMC described in Annex A.2 of 38.101-1 should be used in the context of 6.4D.4 requirements.


3. Conclusion
Based on the discussion above, we propose the following:
Observation 1: The UE may use:
· One SRS resource set with two SRS resources with each having one SRS port for non-codebook-based precoding. Example: SRS ports 1000 and 1001 corresponding to two different SRS resources.
· One SRS resource set with one SRS resource with each having two SRS ports for codebook-based precoding. Example: SRS ports 1000 and 1001 corresponding to a common SRS resource.
Observation 2: The higher the frequency density of SRS and DMRS the better the measurement due to averaging.
Observation 3: It is the usage to compare similar frequencies for calculating amplitude/phase difference and there may be a slight difference in case of non-alignment (as small as a SC) of the SRS and DMRS SCs used for those calculations.
Observation 4: DMRS mapping type A with 3 DMRS symbols for each slot during the 20ms time window.
Observation 5: Having the REs corresponding to the “DMRS symbols” allocated only to DMRS (even SCs) or non-allocated to neither data or DMRS (odd SCs) will ease greatly the measurements.
Observation 6: SRS Resources can span over 1,2, or 4 consecutive SRS symbols. 
Observation 7: The UL RMC described in Annex A.2 of 38.101-1 gives enough flexibility for 6.4D.4 requirement compliance checking.
Proposal 1: The same SRS resource mapping should be used for non-codebook-based and codebook-based precoding when checking compliance to 6.4D.4 requirements.
Proposal 2: DMRS configuration type 1 and SRS comb2 configuration should be used for checking compliance to 6.4D.4 requirements.
Proposal 3: The SRS and DMRS should occupy identical SCs.
Proposal 4: Use of DMRS mapping type A with 3 DMRS symbols.
Proposal 5: The REs corresponding to the odd subcarriers and DMRS symbols should be non-allocated for data or DMRS.
Proposal 6: Use 4 SRS symbols in the SRS slot.
Proposal 7: UL RMC described in Annex A.2 of 38.101-1 should be used in the context of 6.4D.4 requirements.
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