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1   Background
During RAN4#90Bis Xi’an meeting, WFs [1~2] were approved, but still some open issues are left as below:
	· Encourage company to check the following test applicability for CA in next meeting
· Test applicability for CA
· Option 1: Capture the previous agreements in the specification

· For a BS supporting UL carrier aggregation, only the CC combination with the largest aggregated bandwidth per SCS is used for test.

· If there is more than one combination, the CC combination with the largest number of CCs is used for the test.

· Not mixed SCS CA combination to be tested for within a frequency range

· Verify the performance per CC basis

· Option 2: Define CA demodulation requirements for CP-OFDM PUSCH only

· For a BS supporting UL carrier aggregation, only the CC combination with largest aggregated bandwidth is used for the test.

· If there is more than one combination, the CC combination with the largest number of CCs is used for the test.

· For each CC, if more than one SCS is supported, the largest SCS is used for the test.

· Verify the performance at per CC basis.

	OTA test constraints

· For FR2, adopt an absolute AWGN level that is 15dB above the RF sensitivity.
· FFS: which sensitivity to be used considering different BS type, different power class, different band, etc.,
· Check if the EIS value can be used
· The SNR upper bound for FR2 test is 20dB.
· How to handle the tests with SNR > 20dB
· Option 1: Remove all final requirements with SNR > 20dB

· Option 2: Keep the requirements with SNR>20dB but with a declaration of testability

· Add note in the TS 38.141-2 [3] applicability rules, stating that FR2 minimum performance requirements, which require a SNR value of >[20]dB in TS 38.104 [2], do not need to be tested OTA

	PT-RS configuration for MCS2

· Background: Agreed applicability rule in R4-1902434:
· “If BS supports both with PT-RS configured and without PT-RS configured, select one of the PUSCH requirements for with PT-RS configured or without PT-RS configured for test, otherwise BS vendor tests the PUSCH requirements for the declared PT-RS configuration supporting.”
· Restore balance of test case coverage and consistency by:
· Option 1: Re-introduce previous test cases for MCS 2 with PT-RS enabled.
· Option 2: No change.
· Other options not precluded.


In this contribution, we share our views for those open issues.

2   Discussion

2.1   Test applicability for CA
In last meeting, no conclusion was made about the CA test applicability, i.e. whether mixed SCS CA should be tested or not. The original intention not test the mixed SCS CA is to try to reduce the test complexity, because the supporting of different SCS is  tested by single CC performance requirements as per the agreement made in RAN4#89[3]:

· PUSCH and declared supported PUCCH format(s) tests with different SCS and CBW combinations
· Test all declared SCS, for each declared SCS, BS is required to test on the highest CBW declared. 
· If the largest CBW declared is no in the subset with defined performance requirements, BS will be tested on the nearest lower BW (i.e. reference BW) in the subset, the reference BW will be placed in the middle of the channel BW during the test.
For CA test, from the demodulation performance point of view, the largest aggregated bandwidth should be tested, not repeatedly test support of different SCS during CA test again, we think it is duplicated test, considering the complex NR configuration, we should try to reduce the test efforts and remove unnecessary tests, we prefer option 1, it can ensure the test coverage and reduce the test efforts at the same time.
Proposal 1: Choose option 1 for CA tests, i.e. not consider mixed SCS CA tests.
2.2   OTA test constraints
Sensitivity to be used for FR2
From the OTA reference sensitivity level defined in TS 38.104 section 10.3.2 for BS type 1-O and section 10.3.3 for BS type 2-O, we can know the OTA Reference sensitivity level for Local Area BS is the worst, if BS can meet the worst case, it also can meet other cases, considering different BS types in the real deployment, different OTA Reference sensitivity level is tested by RF test, to simplify the test, one uniform OTA Reference sensitivity level is preferred for BS demodulation performance test, i.e. OTA Reference sensitivity level for Local Area BS is used for FR2 BS demodulation performance.
For BS type 1-O:

Table 10.3.2-3: Local Area BS reference sensitivity levels

	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 OTA Reference sensitivity level, EISREFSENS
 (dBm)

	5, 10, 15
	15
	G- FR1-A1-1
	-93.7 - ΔOTAREFSENS

	10, 15 
	30
	G- FR1-A1-2
	-93.8 - ΔOTAREFSENS

	10, 15
	60
	G- FR1-A1-3
	-90.9 - ΔOTAREFSENS

	20, 25, 30, 40, 50 
	15
	G- FR1-A1-4
	-87.3 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G- FR1-A1-5
	-87.6 - ΔOTAREFSENS

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G- FR1-A1-6
	-87.7 - ΔOTAREFSENS

	NOTE:
EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.


For BS type 2-O:

For local area BS, EISREFSENS_50M is an integer value in the range -86- to -109 dBm. The specific value is declared by the vendor.

Table 10.3.3-1: FR2 OTA Reference sensitivity requirement

	BS channel Bandwidth
(MHz)
	Sub-carrier spacing (kHz)
	FRC
	EISREFSENS level

(dBm)

	50, 100, 200
	60
	G-FR2-A1-1
	EISREFSENS_50M + ΔFR2_REFSENS

	50
	120
	G-FR2-A1-2
	EISREFSENS_50M + ΔFR2_REFSENS

	100, 200, 400
	120
	G-FR2-A1-3
	EISREFSENS_50M + 3 + ΔFR2_REFSENS

	NOTE 1:
EISREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.
NOTE 2:
The declared EISREFSENS_50M shall be within the range specified above.


Proposal 2: Use the OTA Reference sensitivity level defined for Local Area BS for BS FR2 demodulation performance tests.
Final demodulation requirements with SNR > 20dB for FR2
How to handle the final demodulation requirements with SNR > 20dB considering that they are not testable at current stage, two options are listed on table, one is to remove all related performance requirements, another is to keep those requirements but with notes to state the corresponding requirements are not testable. We know the FR2 SNR upper bound 20dB is agreed based on the current TE declaration, with the implementation improvement, we believe higher SNR value than 20dB can be achieved in the future one day, companies spent so much time and efforts to derive those requirements, we think it is better to keep those requirements in the specification at the current stage, if some company has concern about the confusion to keep untestable requirements in the specification, we think one clear note can avoid the possible confusions. Also considering possible different achievable upper bound SNR for TE vendors, the methodology adopted by UE demodulation requirements can also be considered for BS demodulation requirements.
Proposal 3: Choose option 2 that keeps the requirements with SNR>20dB but with a declaration of testability in TS 38.141-2.
2.3   PT-RS configuration for MCS 2
For PT-RS configuration for MCS2, we gave reasonable technical explanation and evaluations from different companies in [4], we copy here again for easy reference. it is very clearly to show no any performance gain for FR2 MCS2 case with PT-RS configured, in such case, we think that it is not reasonable to introduce such performance tests for BS. If company just from the number of test case balance, we do not think it is not persuading. 
	2.3 UL PT-RS

As per core specification TS 38.214 section 6.2.3: If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not transmit PT-RS. 
Also as per Rel-15 NR UE feature list [5] item 2-47 ‘Basic UL PTRS’, we can know that support 1 port of PTRS is mandatory with UE capability signaling for FR2.

From the above two aspects, we can know that UE has the opportunity to report not support UL PT-RS, and also gNB may not configure UL PT-RS for UE according to the specific scenarios requirements. If RAN4 only defines performance requirements for FR2 with PT-RS configured regardless of the MCS value and without any evaluations, we think that it is inconsistent with core specification and unreasonable behavior, we have strong concerns about such performance requirement definitions.

As per the huge evaluation work done by UE vendors about the phase noise impact and CPE by using the PT-RS, RAN4 has common understanding that PN only have impact on higher rank and high modulation, RAN4 has agreed to only configure PT-RS with modulation order higher than QPSK [6]. But RAN4 only agreed not model phase noise for PUSCH demodulation performance, since companies have common understanding that there is no gain to configure PT-RS for QPSK for phase tracking, we would like to propose not configure PT-RS for PUSCH FR1 performance requirements with QPSK, not only not model phase noise during simulations.  

We would like to give more information about PT-RS for DFT-s-OFDM waveform by referring to the evaluations during PT-RS design from RAN1: 

Reference [7, Intel]: “The DFT-S-OFDM waveform has been agreed to be the complementary to CP-OFDM waveform.” ” the DFT-S-OFDM waveform is targeting for the link budget limited case. So, in most of the cases, DFT-S-OFDM should be working in low or medium SINR scenarios.” from the simulation, “It can be observed that for low SINR case, the phase noise impact is not significant.”

Reference [8, Huawei, HiSilicon], we can know that PT-RS is needed only for high MCS in high SNR region, “When DFT-s-OFDM is used, PT-RS may not be needed, as it targets at coverage-limited scenario with single stream transmission only, where low-order modulation and smaller BW are more applicable. To verify this, evaluations results of single-layer transmission are provided in Figure 3. Time-domain PT-RS is inserted before DFT with an overhead of 6%. As can be seen, such PT-RS and phase noise compensation (PNC) provides no gain for 16QAM 1/2 and 16QAM 2/3, and negative impacts are observed with even lower MCS such as QPSK and 16QAM 1/3, due the reason that phase tracking in low SNR is inaccurate.”
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Reference [9, Nokia] give the following observations and proposals:

Observation 7:  For DFT-s-OFDM waveform, blind phase tracking performs equally-well compared to PT-RS based compensation.

Proposal 4: PT-RS is not required for PN or FO mitigation for DFT-s-OFDM waveform at 30 GHz nor 70 GHz.

Reference [10, Ericsson] gives the following observations and proposal:

Figure 2 and Figure 3 reveal that for QPSK modulation none of the PTRS schemes provides processing gain, so PTRS should not be scheduled for QPSK

Observation 2
PTRS does not provide processing gain for low order modulation schemes.

Proposal 1
When using DFT-S-OFDM, PTRS should only be scheduled for medium and high modulation schemes.




Proposal 4: Keep the previous agreement: not configure PT-RS for NR PUSCH FR2 performance requirements with QPSK including both CP-OFDM and DFT-s-OFDM waveform.

3   Proposals
In this contribution, we share our views on the open issues for NR BS demodulation performance requirements, and give our proposals:
Proposal 1: Choose option 1 for CA tests, i.e. not consider mixed SCS CA tests.
Proposal 2: Use the OTA Reference sensitivity level defined for Local Area BS for BS FR2 demodulation performance tests.
Proposal 3: Choose option 2 that keeps the requirements with SNR>20dB but with a declaration of testability in TS 38.141-2.
Proposal 4: Keep the previous agreement: not configure PT-RS for NR PUSCH FR2 performance requirements with QPSK including both CP-OFDM and DFT-s-OFDM waveform.
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