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Introduction
Following RAN4#90b, a few general issues remain open for NR BS demodulation minimum requirements. The corresponding way forward [1], captures the topics of OTA test constraints, and test applicability for CA.
Further, not yet captured, remaining issues are the ongoing email discussion on a timeline for removing the square brackets of the minimum requirements, as well as the discussed possibility to remove TBDs via increasing the span parameters in the SNR selection procedure, and FR1 AWGN power level setting.
In this contribution we provide our views and proposal on the above topics.


Discussion

OTA test constraints - FR2 AWGN level
From [1]:
	· 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



Following [2, Chapter 10.3.3], using the declared EISREFSENS_50M value [3, D.28] along with the corresponding FR2 OTA Reference sensitivity requirement table [4, Table 10.3.3-1].
This EISREFSENS_50M value was also used for the link budget calculation in the original discussion paper by Ericsson [5].
For reference, these are the referenced declaration and table:
	D.28
	EIS REFSENS for FR2 (EISREFSENS_50M)
	The EISREFSENS_50M level applicable in the OTA REFSENS RoAoA, (used as a basis for the derivation of the FR2 EISREFSENS for other channel bandwidths supported by BS). (Note 7)
	n/a
	n/a
	x



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.



Remarks:
· For FR2 requirements which are to be met over the OTA REFSENS RoAoA absolute requirement values are offset by the following term:
ΔFR2_REFSENS = -3 dB for the reference direction and ΔFR2_REFSENS = 0 dB for all other directions.
· This will always be ΔFR2_REFSENS = -3 dB, since the specification calls for a test setup as follows:
- For BS type 2-O, OTA REFSENS receiver target reference direction (D.54).
· The declared EISREFSENS values will be different for wide area BSs and other types. The AWGN generation equipment will need to be frequently reconfigured in automated testing of diverse products.

Finally, the above method will lead to AWGN level definitions for FR2 along the lines of the following example (applied to [3, Section 8.2 and 8.3]):
Table 8.2.1.4.2-2: AWGN power level at the BS input [modified CP-OFDM example]
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 2-O
	60 
	50
	[EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 47.20 MHz]

	
	
	100
	[EISREFSENS_50M + 3.0 + ΔFR2_REFSENS + 15 dBm / 95.04 MHz]

	
	120 
	50
	[EISREFSENS_50M + ΔFR2_REFSENS + 15 dBm / 46.08 MHz]

	
	
	100
	[EISREFSENS_50M + 3 + ΔFR2_REFSENS + 15 dBm / 95.04 MHz]

	
	
	200
	[EISREFSENS_50M + 3 + 3.0 + ΔFR2_REFSENS + 15 dBm / 190.08 MHz]



Table 8.2.2.4.2-2: AWGN power level at the BS input [modified DFT-s-OFDM example]
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 2-O
	60 kHz
	50
	[EISREFSENS_50M - 3.4 + ΔFR2_REFSENS + 15 dBm / 21.60 MHz]

	
	120 kHz
	100
	[EISREFSENS_50M + 3 - 3.4 + ΔFR2_REFSENS + 15 dBm / 43.20 MHz]



Remark: 
· The additional correction factors are required to scale from the BW/FRC used for the EISREFSENS_50M definition, up/down to the BW requiring AWGN power, i.e., the RBs allocated by the performance test FRCs.

All the above is briefly captured by the following proposal:
RAN4 to consider defining the absolute AWGN power levels for BS type 2-O using the EISREFSENS levels based on declaration D.28.


OTA test constraints - SNR upper bound
From [1]:
	· 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



Concerning the topic of untestable SRN values for FR2 OTA, we recognize the advantages of option 1, which gives security on planning and testing for the future, and option 2, which leaves traces in the specification on the expected performance of FR2 systems. Ultimately want to propose a trade-off between the Option 1 and Option 2:
RAN4 to consider a third option to gather the advantages from O1 and O2:
Option 3: Add a remark in TS 38.141-2 stating that FR2 minimum performance requirements, which require a SNR value of >[20]dB in TS 38.104, cannot reliably be tested OTA. Furthermore, capture the SNR values in the corresponding test cases as “not applicable” or “n/a”.


Test applicability for CA
From [1]:
	· 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.



In the interest of larger test applicability and test coverage, we propose to go with Option 2.
RAN4 to consider capturing option 2 for the test applicability of CA.


Removal of square brackets
This topic is part of an email conversation before RAN4#91, led by Huawei:
	As per the discussion during RAN4#90Bis meeting, we agreed to discuss the simulation results submission deadline by email, here is the draft proposal, your comments are welcome:

1. Set deadline for Rel-15 simulation results submission to August RAN4#92 meeting this year. No more results will be accepted except technical issues are identified, with the following exceptions:
•             UCI multiplexing on PUSCH
•             Multi-slot PUCCH
•             HST
1. Remove the square brackets for performance requirements with SNR already set in the specification at December RAN4#93 meeting this year.



We want to firstly note that RAN4#93 will take place in November of 2019.
On the topic itself, we caution that NR_newRAT-Perf is currently planned to end with the plenary meeting in December 2019. Hence, removing the square brackets in the November RAN4 meeting, carries the risk of identifying issues in the last meeting and not being able to fix them anymore.
To mitigate this risk, we propose the following:
RAN4 to consider the following timeline for simulation results delivery and square bracket removal:
For test cases agreed before the RAN4#90 meeting, including UCI multiplexing on PUSCH:
· Set deadline for simulation results submission for Rel-15 minimum requirements to August meeting this year (RAN4#92).
No more results will be accepted unless technical issues with the requirements setup are identified.
· Remove the square bracket for performance requirements at November meeting (RAN4#93).
For the remaining test cases agreed after the RAN4#90 meeting, i.e.,
· Multi-slot PUCCH
· HST PUSCH, HST PRACH
Aim to stabilise and align the simulation results until RAN4#92. Set deadline for simulation result submission for RAN4#93 and aim to also remove square brackets at RAN4#93.
The risk of not being able to remove the square brackets in RAN4#93, due to unforeseen technical issues, cannot be mitigated for these test cases.


TBD reduction via increasing span
This topic has been discussed during the meeting and is partially captured in Section 1.2 Issue 7 of the NR BS demod adhoc minutes [6].
It is also part of a short email conversation before RAN4#91, led by China Telecom:
	During the next meeting, we will check how many TBDs can be resolved if the ideal span threshold is increased from 2dB to 2.5dB.



Based on a calculation on the pre-shared result collection template from China Telecom, updated with Nokia’s latest results, we observe the following numbers of TBDs for differing spans:
Table 1: Number of TBDs
	Ideal Span Threshold
	2
	2,5
	2
	2,5

	Impairment Span Threshold
	4
	4
	3
	3

	Number of TBDs
	93
	74
	104
	89



While increasing the ideal span helps to reduce the number of TBDs, the effect seems too small to justify giving up tight alignment of ideal simulations.
RAN4 to consider lowering the number of valid inputs, instead of increasing the ideal span threshold, in order to reduce TBDs.


0. FR1 AWGN power levels at the BS input
While looking into the OTA constraint issues, we noticed a scaling difference in FR1 AWGN power level setting between the provisional numbers in NR and the accepted numbers in LTE.
In LTE [36.141-g00] the AWBN power levels for BS demodulation performance requirements have been set 4dB lower than the wide area BS dynamic range test AWGN level [36.141-g00, Table 7.3-1]. This back-off is non-controversial, since it makes sense to have the demodulation requirement AWGN levels stay below the high levels used for dynamic range testing.
The current NR FR1 AWGN level numbers are as follows [3]:
Table 8.2.1.4.2-2: AWGN power level at the BS input
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	BS type 1-O
	15 
	5
	[-83.5] - ΔOTAREFSENS dBm / 4.5MHz

	
	
	10
	[-80.3] - ΔOTAREFSENS dBm / 9.36MHz

	
	
	20
	[-77.2] - ΔOTAREFSENS  dBm / 19.08MHz

	
	30 
	10
	[-80.7] - ΔOTAREFSENS dBm / 8.64MHz

	
	
	20
	[-77.4] - ΔOTAREFSENS dBm / 18.36MHz

	
	
	40
	[-74.2] - ΔOTAREFSENS dBm / 38.16MHz

	
	
	100
	[-70.1] - ΔOTAREFSENS dBm / 98.28MHz



This current state was ultimately traced back to an agreement in [8] to use the numbers captured in a text proposal by Ericsson [9] for all FR1 test requirements. Even though, Ericsson had explicitly requested for these numbers to be checked [9], no follow-up discussion could be found.
The captured provisional AWGN power levels feature a constant 1dB gap to the NR “Wide Area BS dynamic range” AWGN levels for SCS 15kHz.
Concerning 30kHz SCS, the current version of the “Wide Area BS dynamic range” AWGN levels are always referenced to 15 kHz SCS, which is currently assumed by Nokia to be an error. 
Comparing the current provisional AWGN levels from Ericsson with a version of “Wide Area BS dynamic range” AWGN levels that are referenced to the respective SCS values:
Table 2: Modified Wide Area BS dynamic range table with AWGN reference to respective SCS
	
BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm) / BWConfig
	Type of interfering signal

	5
	15
	G-FR1-A2-1
	-70.7
	-82.5
	AWGN

	
	30
	G- FR1-A2-2
	-71.4
	-83
	

	10
	15
	G-FR1-A2-1
	-70.7
	-79.3
	AWGN

	
	30
	G- FR1-A2-2
	-71.4
	-79.6
	

	
	60
	G- FR1-A2-3
	-68.4
	-80
	

	20
	15
	G- FR1-A2-4
	-64.5
	-76.2
	AWGN

	
	30
	G- FR1-A2-5
	-64.5
	-76.4
	

	
	60
	G- FR1-A2-6
	-64.8
	-76.6
	

	40
	15
	G- FR1-A2-4
	-64.5
	-73.1
	AWGN

	
	30
	G- FR1-A2-5
	-64.5
	-73.2
	

	
	60
	G- FR1-A2-6
	-64.8
	-73.4
	

	100
	30
	G- FR1-A2-5
	-64.5
	-69.1
	AWGN

	
	60
	G- FR1-A2-6
	-64.8
	-69.1
	



This modified table shows a constant 1dB gap with the AWGN numbers previously provided by Ericsson; except for an atypical 1.1dB gap in the 10MHz/30kHz case.

Nokia would like to propose a discussion on keeping with the pattern from LTE and increasing the gap to 4dB:
RAN4 to re-discuss the choice of AWGN power levels for FR1 in order to stay 4dB below (per SCS calculated) wide area BS dynamic range AWGN levels, which would align with LTE.
RAN4 to encourage companies to evaluate the following AWGN power levels in FR1:
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	[-86.5] - ΔOTAREFSENS dBm / 4.5MHz

	
	10
	[-85.3] - ΔOTAREFSENS dBm / 9.36MHz

	
	20
	[-80.2] - ΔOTAREFSENS dBm / 19.08MHz

	30 
	10
	[-85.6] - ΔOTAREFSENS dBm / 8.64MHz

	
	20
	[-80.4] - ΔOTAREFSENS dBm / 18.36MHz

	
	40
	[-77.2] - ΔOTAREFSENS dBm / 38.16MHz

	
	100
	[-73.1] - ΔOTAREFSENS dBm / 98.28MHz





Conclusion
In this contribution we have provided our views on remaining general NR BS demodulation issues. We have made the following proposals:

OTA test constraints - FR2 AWGN level
1. RAN4 to consider defining the absolute AWGN power levels for BS type 2-O using the EISREFSENS levels based on declaration D.28.

OTA test constraints - SNR upper bound
RAN4 to consider a third option to gather the advantages from O1 and O2:
Option 3: Add a remark in TS 38.141-2 stating that FR2 minimum performance requirements, which require a SNR value of >[20]dB in TS 38.104, cannot reliably be tested OTA. Furthermore, capture the SNR values in the corresponding test cases as “not applicable” or “n/a”.

Test applicability for CA
RAN4 to consider capturing option 2 for the test applicability of CA.

Removal of square brackets
RAN4 to consider the following timeline for simulation results delivery and square bracket removal:
For test cases agreed before the RAN4#90 meeting, including UCI multiplexing on PUSCH:
· Set deadline for simulation results submission for Rel-15 minimum requirements to August meeting this year (RAN4#92).
No more results will be accepted unless technical issues with the requirements setup are identified.
· Remove the square bracket for performance requirements at November meeting (RAN4#93).
For the remaining test cases agreed after the RAN4#90 meeting, i.e.,
· Multi-slot PUCCH
· HST PUSCH, HST PRACH
Aim to stabilise and align the simulation results until RAN4#92. Set deadline for simulation result submission for RAN4#93 and aim to also remove square brackets at RAN4#93.
The risk of not being able to remove the square brackets in RAN4#93, due to unforeseen technical issues, cannot be mitigated for these test cases.

TBD reduction via increasing span
RAN4 to consider lowering the number of valid inputs, instead of increasing the ideal span threshold, in order to reduce TBDs.

FR1 AWGN power levels at the BS input
RAN4 to re-discuss the choice of AWGN power levels for FR1 in order to stay 4dB below (per SCS calculated) wide area BS dynamic range AWGN levels, which would align with LTE.
[bookmark: _GoBack]RAN4 to encourage companies to evaluate the following AWGN power levels in FR1:
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 
	5
	[-86.5] - ΔOTAREFSENS dBm / 4.5MHz

	
	10
	[-85.3] - ΔOTAREFSENS dBm / 9.36MHz

	
	20
	[-80.2] - ΔOTAREFSENS dBm / 19.08MHz

	30 
	10
	[-85.6] - ΔOTAREFSENS dBm / 8.64MHz

	
	20
	[-80.4] - ΔOTAREFSENS dBm / 18.36MHz

	
	40
	[-77.2] - ΔOTAREFSENS dBm / 38.16MHz

	
	100
	[-73.1] - ΔOTAREFSENS dBm / 98.28MHz
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