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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 impact of 256QAM UL demodulation requirements. 
[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.
Tx EVM
TS 38.104 [2]  defines that the Tx Error Vector Magnitude (EVM) for a BS that support 256 QAM must be lower than 3.5 % TxEVM, which under the common SNR approximation provides an SNR limitation of 20.1 dB
[bookmark: _Toc142491260]Assuming all modulation symbols are equiprobable the common SNR approximation for 3.5% TxEVM using a 256QAM modulation order gives 20.1 dB as the EVM induced noise source, which is even above the value use in the common practice of limiting FR2 BB SNR to 20dB for testability reasons [R4-1907239].
[bookmark: _Toc142491261]To comply with TxEVM constraints, RAN4 shall choose an MCS for 256QAM in FR2 that has an operating point below (20.1) dB.
This Tx EVM constraint imparts a constraint that should be observed for defining channel types and physical layer parameters for the definition of performance of UL 256 QAM.
Furthermore, as we wish to ensure that the communications can be received within this bound, the proposed metric is the 95% throughput value.
[bookmark: _Toc142491262]Due to the tight constraints between the operating points of the MCS for 256 QAM and the TxEVM constraint, requirements should be set with a high throughput value.
[bookmark: _Toc142491263]RAN4 shall set requirements for FR2 UL 256 QAM using 95% Throughput as the performance metric.

Phase Noise
The impact of phase noise for 256 QAM Uplink will significantly impact the performance for demodulation.
A series of efforts within RAN have been developed to tackle these issues, specifically TS 38.808 which defines set 1 for phase noise modelling and the RAN1 contribution R1-162885.
We have modelled these PN noise sources, as well as an AWGN benchmark, to understand the performance impact of these PN models, for which the details can be found in our companion TDoc [3].
As can be seen in the simulation results in the cases where there is no PTRS being used the Phase noise makes significant degradation. Specifically, the model from R1-162885 degrades the performance such that no 256 QAM MCS can be demodulated, whereas the TS 38.808 degrades the performance whilst enabling demodulation to occur.
[bookmark: _Toc142491264]PN has been shown to have significant effect, when PT-RS is not being used, therefore PN should be modelled for 256 QAM UL, specifically the TS 38.808 Set 1 PN model provides a reasonable degradation of the signal due to PN without being extreme.
[bookmark: _Toc142491265]RAN 4 shall model PN for 256 QAM UL Demodulation using TS 38.808 Set 1 PN modelling or leave it up to implementation, assuming simulation alignment is achieved in this case.

Channel Scenario
The WID for UL 256 QAM specifically identifies both low path loss and industrial use cases, as shown in the extract below.
	For UL 256 QAM, the improved throughput and accompanying capacity increase achieved from UL 256QAM could be extremely useful for research and marketing purposes, especially in some industry use cases, e.g., the machine transmits the photograph with super high resolution to the cloud, which needs Gbps data rate. In scenarios with lower path loss, the possibility to use 256QAM would be higher.



Therefore, representative channel models could be TDLC 300-100 and TDLA 30-10 to represent an Industrial and Line of Sight use case respectively.
[bookmark: _Toc142491266]As the WID indicated both industry and low path loss, two channel models can be identified.
Initial simulations conducted by Nokia in our corresponding TDoc [3] demonstrate that in practice UL 256 QAM cannot provide an achievable result for the TDLC 300-100 channel, under any conditions tested which includes 50 and 100 MHz CBW, Rank1 and Rank2, and all possible MCS options.
[bookmark: _Toc142491267]TDLC 300-100 does not provide achievable results for UL 256 QAM, whereas TDLA 30-10 provides results for both 95% and 70% throughput metrics that are within the achievable limits.
[bookmark: _Toc142491268]RAN4 shall define requirements for FR2 UL 256 QAM using TDLA 30-10 only.

Rank
Our simulations show that to achieve viable results for FR2 UL 256 QAM Rank 1 must be used, as only Rank 1 provides feasible operating points for some of the MCS options, whereas Rank 2 provides no viable operating points.
[bookmark: _Toc142491269]Simulation results show that only a rank of 1 provides viable results for FR2 UL 256 QAM
[bookmark: _Toc142491270]RAN4 shall define requirements for FR2 UL 256 QAM using Rank 1.

Carrier BW
For FR2 the minimum carrier bandwidth that can be utilized is 50 MHz, therefore RAN4 should look to define requirements for this minimum carrier bandwidth. Furthermore, simulations conducted at 100 MHz CBW, as shown in our companion simulation TDoc [3] show that this is also a viable option for FR2 with some performance loss due to the increased bandwidth, which has been shown to be an average of 0.5 dB from simulation results.
[bookmark: _Toc142491271]Both 50 MHz and 100 MHz, can be used for Carrier Bandwidth, with 100 MHz offering on average 0.5 dB worse performance.
[bookmark: _Toc142491272]RAN4 shall use 50 MHz for defining requirements for 256 QAM Uplink BS Demodulation, with discussion on further bandwidths.

Sub Carrier Spacing
For FR2 the minimum sub-carrier spacing that can be utilized is 60 kHz, therefore RAN4 should look to define requirements for this minimum sub-carrier spacing initially, and decide based upon simulations whether further requirements need to be specified for 120 kHz.
The simulations provided by Nokia in our companion TDoc are based upon 60 kHz sub-carrier spacing.
[bookmark: _Toc142491273]RAN4 shall use 60 kHz for definition of requirements for 256 QAM UL, FFS on 120 kHz.

DMRS & PT-RS
As the use case for 256 QAM UL as defined within the WID is for moderately low mobility use cases, we propose that a single DMRS position be used, however our simulations have shown that with PT-RS this offers significant performance degradation when using Phase Noise modelling.
[bookmark: _Toc142491274]A low mobility scenario as presented in the WID for 256 QAM UL suggests that a single DMRS should be used.
[bookmark: _Toc142491275]RAN4 shall use a single DMRS for definition of requirements for UL 256 QAM.
Whilst when using PT-RS as part of the demodulation process it has shown that the performance is ‘normalised’ across all phase noise models, therefore this shows that PT-RS should be used for 256 QAM
[bookmark: _Toc142491276]The use of PT-RS significantly improves the performance of UL 256 QAM in various phase-noise models
[bookmark: _Toc142491277]RAN4 shall use PT-RS for definition of requirements for UL 256 QAM.
For information, in our simulations presented in our companion TDoc the value utilized for xOverhead is 0.

Time Domain Resource Allocation
Following on from the previous discussion regarding DMRS, whilst we believe that for 256QAM UL we should use a single DMRS, to keep aligned with previous requirements we believe that this DMRS should be of ‘type B’ with a starting symbol of 10.
This is the configuration which has been used for the simulations provided in our companion TDoc which shows reasonable performance.
[bookmark: _Toc142491278]RAN4 shall use DMRS mapping type B with a starting symbol of 10 for definition of requirements for UL 256 QAM.

Waveform Type
In accordance with typical PUSCH requirement definition we propose that CP-OFDM is used for 256 QAM, although we note that should Rank 1 be chosen to define requirements it may be possible to define requirements with a single layer and utilize DFT-s-OFDM.
The simulations from our companion TDoc have shown that CP-OFDM provides reasonable performance, however, as will be discussed in the next section raises concerns regarding TxEVM and the PAPR reduction requirements of CP-OFDM.
[bookmark: _Toc142491279]RAN4 shall use CP-OFDM for the definition of requirements for UL 256 QAM.
[bookmark: _Toc142491280]CP-OFDM has a large PAPR reduction constraint which will the affect the SNR operating region whereby TxEVM will not cause concern.

MCS
The FRCs used to define requirements in FR1 specify the use of MCS XX and YY, which offer performance below the EVM value of 24.4 dB. Therefore, these are sensible starting points.
Initial simulation results presented in our companion TDoc [3] show that TDLA 30-10 with MCS 20 and MCS 21 offer reasonable performance for 95% TPUT at the following SNR points (with Rank 1, TS 38.808 PN model and 1 DMRS + PTRS).
	Channel Configuration
	MCS 20
	MCS 21

	50 MHz
	22.4 dB
	23.0dB

	100 MHz
	21.6 dB
	22.7 dB



The simulations show that MCS 20 and 21 are indeed suitable MCSs for defining requirements for UL 256 QAM.
However, in a practical deployment, with TxEVM considerations, it is worth noting that all MCS for UL 256 QAM will potentially present issues at their SNR operating point. 
This impairment is caused because a TxEVM of 3.5% (which corresponds to a BS capable of 256 QAM) enables all samples of a signal to reach an instantaneous SNR of 29.1 dB without impairment (defined using the approximation found in [4]). 
However back-off is required in accordance with PAPR constraints to avoid samples of the CP-OFDM waveform of PUSCH to be affected by the EVM impaired region. 
To ensure that no samples of the CP-OFDM waveform enter the region that causes EVM this would require 12 dB backoff, hence reducing the maximum operating SNR for no EVM impairment to 17.1 dB. If this TxEVM induced impairment was relaxed by 3dB to an SNR operating point of 20.1dB then only 20% of the CP-OFDM samples would be received within the TxEVM impaired region, which would cause negligible demodulation performance degradation.
The lowest possible operating point for FR2 UL 256 QAM is achieved with MCS20 and 100 MHz Carrier Bandwidth which provides an operating point of 21.6 dB which is still above this region which is acceptable. The effect of performance degradation in this region although known to occur is not quantified, therefore whilst no immediate MCS is available outside of this region for 95% throughput, MCS 20 offers the ‘least worst’ option.
We invite interested companies to provide simulation results of the demodulation impact of CP-OFDM within the TxEVM affected region above 17.1 and 20.1 dB.
[bookmark: _Toc142491281]MCS 20 in TDLA 30-10 offer the most suitable SNR operating point with a currently unquantified impact caused by the TxEVM constraints for 256 QAM.
[bookmark: _Toc142491282]RAN4 should use MCS 20 to define requirements for UL 256 QAM.
[bookmark: _Toc142491283]RAN4 shall further study the impact of TxEVM at SNR operating points above 20.1 dB.

[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: Assuming all modulation symbols are equiprobable the common SNR approximation for 3.5% TxEVM using a 256QAM modulation order gives 20.1 dB as the EVM induced noise source, which is even above the value use in the common practice of limiting FR2 BB SNR to 20dB for testability reasons [R4-1907239].
Proposal 1: To comply with TxEVM constraints, RAN4 shall choose an MCS for 256QAM in FR2 that has an operating point below (20.1) dB.
Observation 2: Due to the tight constraints between the operating points of the MCS for 256 QAM and the TxEVM constraint, requirements should be set with a high throughput value.
Proposal 2: RAN4 shall set requirements for FR2 UL 256 QAM using 95% Throughput as the performance metric.
Observation 3: PN has been shown to have significant effect, when PT-RS is not being used, therefore PN should be modelled for 256 QAM UL, specifically the TS 38.808 Set 1 PN model provides a reasonable degradation of the signal due to PN without being extreme.
Proposal 3: RAN 4 shall model PN for 256 QAM UL Demodulation using TS 38.808 Set 1 PN modelling or leave it up to implementation, assuming simulation alignment is achieved in this case.
Observation 4: As the WID indicated both industry and low path loss, two channel models can be identified.
Observation 5: TDLC 300-100 does not provide achievable results for UL 256 QAM, whereas TDLA 30-10 provides results for both 95% and 70% throughput metrics that are within the achievable limits.
Proposal 4: RAN4 shall define requirements for FR2 UL 256 QAM using TDLA 30-10 only.
Observation 6: Simulation results show that only a rank of 1 provides viable results for FR2 UL 256 QAM
Proposal 5: RAN4 shall define requirements for FR2 UL 256 QAM using Rank 1.
Observation 7: Both 50 MHz and 100 MHz, can be used for Carrier Bandwidth, with 100 MHz offering on average 0.5 dB worse performance.
Proposal 6: RAN4 shall use 50 MHz for defining requirements for 256 QAM Uplink BS Demodulation, with discussion on further bandwidths.
Proposal 7: RAN4 shall use 60 kHz for definition of requirements for 256 QAM UL, FFS on 120 kHz.
Observation 8: A low mobility scenario as presented in the WID for 256 QAM UL suggests that a single DMRS should be used.
Proposal 8: RAN4 shall use a single DMRS for definition of requirements for UL 256 QAM.
Observation 9: The use of PT-RS significantly improves the performance of UL 256 QAM in various phase-noise models
Proposal 9: RAN4 shall use PT-RS for definition of requirements for UL 256 QAM.
Proposal 10: RAN4 shall use DMRS mapping type B with a starting symbol of 10 for definition of requirements for UL 256 QAM.
Proposal 11: RAN4 shall use CP-OFDM for the definition of requirements for UL 256 QAM.
Observation 10: CP-OFDM has a large PAPR reduction constraint which will the affect the SNR operating region whereby TxEVM will not cause concern.
Observation 11: MCS 20 in TDLA 30-10 offer the most suitable SNR operating point with a currently unquantified impact caused by the TxEVM constraints for 256 QAM.
Proposal 12: RAN4 should use MCS 20 to define requirements for UL 256 QAM.
Proposal 13: RAN4 shall further study the impact of TxEVM at SNR operating points above 20.1 dB.
[bookmark: _Toc116995849]
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