[bookmark: _Hlk43883961]3GPP TSG-RAN WG4 Meeting #110	R4-2401399
Athens, Greece, February 26th – March 1st, 2024

Source:	Ericsson
Title:	Discussion on NR FR2 UL 256QAM demodulation requirements 
Agenda item:	8.2.3.1
Document for:	Discussion
[bookmark: _Hlk43883999]
1. Introduction
[bookmark: _Hlk528680199]In RAN4#109 meeting, only several open issues are left as below for FR2 UL 256QAM demodulation requirements in WF [1]. 
Sub-topic 1-1: Carrier BW and SCS
[bookmark: _Hlk155122296]Issue 1-1: 60 kHz SCS and corresponding carrier BW
Way Forward: Interested companies to provide simulations for discussion at RAN4#110.

Issue 1-2: 120 kHz SCS and corresponding carrier BW
Way Forward: 50, 200 MHz for 120 kHz SCS

Sub-topic 1-2 SNR Limit
Issue 1-3: SNR Limit
Way Forward: A new note to mandate AWGN offset reduction should be considered for clarification, but the wording is FFS.  The note is not intended to have impact on legacy requirements.

Issue 1-4: SNR Limit note wording
Way Forward: Companies are requested to review the following options for discussion at RAN4#110 
Option 1: Add note to “AWGN power level at the BS input” table:
NOTE X: For tests with modulation order 8, the AWGN level is reduced from the default by any value in the range max(0, given SNR - 20)dB to 16dB.
Option 2: Add note to specific (non-legacy) tests in the test requirement tables:
NOTE X: The AWGN level is reduced from the default by any value in the range max(0, given SNR - 20)dB to 16dB.
Option 3: Other options not precluded.
 

2. Discussion
2.1	Carrier BW and SCS
60 kHz SCS and corresponding carrier BW
Companies didn’t get agreement on the 60kHz SCS requirement introduction for FR2 PUSCH 256QAM in RAN4#109. The main concern is that the 60kHz SCS is not deployed in current commercial network, and some companies don’t want to capture corresponding requirement for this feature. In principle, it is OK to only consider 120kHz SCS for enhanced features which is widely used in Rel-17 and Rel-18 to avoid much effort for simulation and specification update. But in this feature, only 1 case is considered then the effort is very limited. Furthermore, the requirements of this feature would be added to the same table as legacy FR2-1 PUSCH demodulation requirements which already have 60kHz SCS requirements, it would be better to have at least one case for 60kHz SCS to have same coverage. 
[bookmark: _Toc155169384]Rel-15 FR2-1 have 60kHz SCS demodulation requirements. FR2-1 PUSCH 256QAM demodulation requirement would be added to the same table as Rel-15 requirements. 
[bookmark: _Toc155169385]Only one candidate case is considered for 60kHz SCS FR2-1 PUSCH 256QAM demodulation requirement. The corresponding effort is very small. 
[bookmark: _Toc155169387]Proposal 1	Consider 60kHz SCS for FR2-1 PUSCH 256QAM demodulation requirements. 
Based on our simulation results [2], the performance difference between CBW is not large. The current proposals for CBW in WF could be enough for the requirement. 
[bookmark: _Toc155169388]Proposal 2 	Consider 50MHz for 60kHz SCS and 50MHz/200MHz for 120kHz SCS for FR2-1 PUSCH 256QAM demodulation requirements. 

2.2	SNR Limit
It should be noted that, the link budget calculation used for Rel-15 FR2 OTA demodulation test is based on 10dB fading channel margin while it should be reduced to a very small value (e.g., 1 ~ 3dB margin) if the LOS channel is used. Then the whole link could have much more margins which could be OK for the OTA test with target SNR higher than 20dB. In Rel-15, the PUSCH 64QAM with fading channel TDLA30-10 would have 21.7dB SNR in some cases which also be OK for the test because the actual margin could be more than link budget calculation if small fading channel is used. 
[bookmark: _Toc155169386]The more margin could be achieved for OTA test link budget if smaller fading channel is used.  
The motivation of adding a note on how to adjust AWGN level respect to the given SNR requirement is that the link budget could be fulfilled by a clear method. According to the comments from TE vendors, it could help for the TE implementation according to the requirement. By checking the current simulation results [3], the target SNR would spill around 1~2dB over 20dB limit at the most. The AWGN level reduction with 2dB might not impact too much on the reliability of demodulation requirement. But if the target SNR is much higher than 20dB, for example 28dB, then this method would not be feasible because the demodulation performance would depend on the sensitivity performance. To avoid such kind of situation, RAN4 should check this method case by case in future releases if a note is agreed to be introduced. 
[bookmark: _Toc155169389]Proposal 3	RAN4 should check AWGN level adjustment method case by case in future releases if a general note is agreed to be introduced. 
As for the note options in WF, option 1 seems more reasonable because the AWGN level adjustment only impact on the conformance test not the test parameters. The core specification could not be impacted. But the wording in option 1 could be modified a bit as following regarding to the Note 5 (not Note 4 for 1-O) in AWGN power level at the BS input table. 
NOTE 5:	The AWGN power level contains an AWGN offset of 15dB by default. If needed for test purposes, the AWGN level can be reduced from the default by any value in the range 0dB to 15dB. Changing the AWGN level does not impact the validity of the test, as it reduces the effective base band SNR level.  
NOTE X: 	For FR2-1 tests with modulation order 8, the AWGN level can be reduced from the default by any value in the range max(0, given SNR - 20)dB to 15dB.

[bookmark: _Toc155169390]Proposal 4	If a note is agreed to be introduced for FR2-1 PUSCH 256QAM, adding following note to the AWGN power level at the BS input table in conformance test specifications. 
[bookmark: _Toc155169391] NOTE X: 	For FR2-1 tests with modulation order 8, the AWGN level can be reduced from the default by any value in the range max(0, given SNR - 20)dB to 15dB.

3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Rel-15 FR2-1 have 60kHz SCS demodulation requirements. FR2-1 PUSCH 256QAM demodulation requirement would be added to the same table as Rel-15 requirements.
Observation 2	Only one candidate case is considered for 60kHz SCS FR2-1 PUSCH 256QAM demodulation requirement. The corresponding effort is very small.
Observation 3	The more margin could be achieved for OTA test link budget if smaller fading channel is used.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Consider 60kHz SCS for FR2-1 PUSCH 256QAM demodulation requirements.
Proposal 2 	Consider 50MHz for 60kHz SCS and 50MHz/200MHz for 120kHz SCS for FR2-1 PUSCH 256QAM demodulation requirements.
Proposal 3	RAN4 should check AWGN level adjustment method case by case in future releases if a general note is agreed to be introduced.
Proposal 4	If a note is agreed to be introduced for FR2-1 PUSCH 256QAM, adding following note to the AWGN power level at the BS input table in conformance test specifications.
NOTE X: 	For FR2-1 tests with modulation order 8, the AWGN level can be reduced from the default by any value in the range max(0, given SNR - 20)dB to 15dB.
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