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[bookmark: _Toc116995841]Introduction
At RAN#98 meeting, the WI was approved to study the feasibility to support UL256 QAM [1] with the following objectives of the performance part. 
	UL 256QAM
· Specify the BS demodulation performance



In this paper, we present Nokia’s view on the open issues of 256QAM UL demodulation for discussion at RAN4#108bis. 
[bookmark: _Toc116995842]Discussion
Background
The introduction of FR2 UL 256 QAM for Rel-18 has been outlined in the WID [1], with an “aim to support a variety of research, marketing, and industrial use cases, such as super high-resolution imagery being uploaded to the cloud requiring Gbps data rate”.
RAN4 Demodulation will specify the performance of FR2 UL 256 QAM to enable this feature, specifically RAN4 will focus on the operating SNR, phase noise and other implementation aspects to define the BS demodulation performance of FR2 UL 256 QAM.
A number of open issues are presented following discussion at RAN4#108 [5].
Issue 2-3: Phase Noise Model
The following was presented in the WF at RAN4#108 for Issue 2-3 [5].
	Interested companies are encouraged to bring simulations to RAN4#108-bis with and without phase noise model, and provide information of phase noise model, with PT-RS enabled and disable.
· Alignment to happen without phase model (therefore with priority)
· Companies encouraged to deliver simulation results for some cases of Phase Noise model, with PT-RS enabled and disabled.



In our companion simulation TDoc [3] we show
Issue 2-4: Channel
The following was presented in the WF at RAN4#108 for Issue 2-4 [5].
	The following candidate channel models can be considered for simulation at RAN4 #108 bis and down selected at later meetings for requirements.
· TDLA 30-35
· TDLD 30-35



In our companion simulation TDoc [3] we show that TDLD 30-35 consistently shows approximately 1dB performance gain over TDLA 30-35.
[bookmark: _Toc146179233]TDLD 30-35 has approximately 1 dB performance gain over TDLA 30-35 channels.
[bookmark: _Toc146179234]RAN4 shall use TDLD 30-35 for defining requirements for 256QAM BS Demodulation.

Issue 2-6: Carrier BW for 60 kHz SCS
The following was presented in the WF at RAN4#108 for Issue 2-6 [5].
	Interested companies are encouraged to bring simulation on the following config: 60 kHz SCS/50 MHz, 120 kHz SCS/50 MHz, 100 and 200 MHz, discussion for further downselection based on simulation results at for RAN4#108-bis.



We propose that as only 50 MHz BW was chosen for 60 kHz SCS at RAN4#108 that this item be closed.
[bookmark: _Toc146179235]RAN4 shall use 50 MHz for defining requirements with 60 kHz for 256QAM BS Demodulation in accordance with the way forward.

Issue 2-7: Carrier BW for 120 kHz SCS .
The following was presented in the WF at RAN4#108 for Issue 2-7 [5].
	Interested companies are encouraged to bring simulation on the following config: 60 kHz SCS/50 MHz, 120 kHz SCS/50 MHz, 100 and 200 MHz, discussion for further downselection based on simulation results at for RAN4#108-bis.



In our companion simulation TDoc [3] we show that for all BWs with 120 kHz there is very little performance difference, therefore only one set of requirements should be defined.
[bookmark: _Toc146179236]There is little difference between different CBWs with 120 kHz
[bookmark: _Toc146179237]RAN4 shall only define one CBW for SCS 120 kHz SCS for 256QAM BS Demodulation.
[bookmark: _Toc146179238]RAN4 shall use 100 MHz for defining requirements with 120 kHz SCS for 256QAM BS Demodulation.

Issue 2-8: Additional DMRS
The following was presented in the WF at RAN4#108 for Issue 2-8 [5].
	Interested companies to provide simulation results with single (1+0) and additional (1+1) DMRS for RAN4#108-bis.




In our companion simulation TDoc [3] we show that in the propagation conditions defined there is less that 1.5 dB performance difference between single and additional DMRS, when PN is used therefore performance requirements should be chosen with only one configuration.
[bookmark: _Toc146179239]There is only 1.5 dB performance difference between additional and single DMRS with the use of PN.
When PTRS is used this difference is even less at less than 0.7 dB, as an additional DMRS can negatively affect uplink throughput and the goal of 256 QAM is to optimize throughput, we propose that only a single DMRS position should be used for performance requirements.
[bookmark: _Toc146179240]RAN4 shall use single DMRS for defining requirements for 256QAM BS Demodulation.

Issue 2-10: PTRS
The following was presented in the WF at RAN4#108 for Issue 2-10 [5].
	Interested companies to provide simulation results with both enabled and disable for RAN4#108-bis.
Configuration: K_PTRS: 2 and L_PTRS =1




In our companion simulation TDoc [3] we show that when Phase Noise is implemented in modelling (as would be the case in a deployment) PTRS significantly improves the performance for demodulation.
[bookmark: _Toc146179241]PTRS improves the performance of 256 QAM BS demodulation in the presence of Phase Noise.
[bookmark: _Toc146179242]RAN4 shall use enable PTRS when defining requirements for 256QAM BS Demodulation.

Issue 2-12: MCS
The following was presented in the WF at RAN4#108 for Issue 2-12 [5].
	RAN4 considers the following candidate MCS before down selection for requirements definition at RAN4#108 bis (all in Table 2): MCS 20, 21 and 22 with a priority on MCS 20



In our companion simulation TDoc [3] we show that based on the constraint of 20 dB the best option is to utilize MCS 20 only for defining requirements for 256 QAM BS Demodulation.
[bookmark: _Toc146179243]MCS 20 offers results for 256QAM that are in a testable region.
[bookmark: _Toc146179244]RAN4 shall use MCS 20 to define requirements for 256QAM BS Demodulation.
New Issue: Antenna Configuration
Nokia notes that although Rank 1 was agreed at RAN4#108[5] the issue of Antenna Configuration was not discussed.
We further note that in TS 38.104 [2] PUSCH requirements are only defined for 1T2R and 2T2R cases with Rank=1. As such we propose that 1T2R is used for the antenna configuration for 256 QAM.
[bookmark: _Toc146179245]RAN4 shall use 1T2R antenna configuration to define requirements for 256QAM BS Demodulation.
[bookmark: _Toc116995848]Conclusion
Within this contribution we have discussed and introduced the demodulation requirements for UL 256 QAM. 
In the paper, the following Observations and Proposals were made:
Observation 1: TDLD 30-35 has approximately 1 dB performance gain over TDLA 30-35 channels.
Proposal 1: RAN4 shall use TDLD 30-35 for defining requirements for 256QAM BS Demodulation.
Proposal 2: RAN4 shall use 50 MHz for defining requirements with 60 kHz for 256QAM BS Demodulation in accordance with the way forward.
Observation 2: There is little difference between different CBWs with 120 kHz
Proposal 3: RAN4 shall only define one CBW for SCS 120 kHz SCS for 256QAM BS Demodulation.
Proposal 4: RAN4 shall use 100 MHz for defining requirements with 120 kHz SCS for 256QAM BS Demodulation.
Observation 3: There is only 1.5 dB performance difference between additional and single DMRS with the use of PN.
Proposal 5: RAN4 shall use single DMRS for defining requirements for 256QAM BS Demodulation.
Observation 4: PTRS improves the performance of 256 QAM BS demodulation in the presence of Phase Noise.
Proposal 6: RAN4 shall use enable PTRS when defining requirements for 256QAM BS Demodulation.
Observation 5: MCS 20 offers results for 256QAM that are in a testable region.
Proposal 7: RAN4 shall use MCS 20 to define requirements for 256QAM BS Demodulation.
Proposal 8: RAN4 shall use 1T2R antenna configuration to define requirements for 256QAM BS Demodulation.
[bookmark: _Toc116995849]
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