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Introduction
[bookmark: _Hlk88742629]RANP has decided, that the Application Throughput discussion concluded in Rel.17 is to continue in Rel.18 under the WI NR_demod_enh3-Perp with focus on specifying absolute Application Layer throughput (ATP) requirements with link adaptation [1]:
	In Rel-17, RAN4 concluded the feasibility of defining absolute physical layer throughput requirements with link adaptation under RAN5 Rel-16 SI FS_UE_5GNR_App_Data_Perf. Operators think it’s beneficial to specify absolute physical layer throughput requirements with link adaptation in Rel-18 taking the study outcome of Rel-17 as the starting point.



The following objective were agreed [1]:
	· Specify absolute physical layer throughput requirements with link adaptation
· Note: Rel-17 RAN4 study outcome documented in section 5.10 of TR 37.901-5 is a starting point for this objective




In this paper, we will provide our view and proposals on how to define requirements for ATP with link adaptation. In addition, we have provided our simulation results in a separate t-doc [4] for reference. Our simulation results are based on the same configurations as was used by companies during the previous study item under Rel.17.

Discussion
Background
It has been requested to introduce Application Layer Throughput requirements as a way for operators to be able to rely on the throughput capabilities of a UE at application level. As defining requirement on application level was deemed difficult, RAN5 requested RAN4 to study the possibilities of defining ATP requirements on link level with (dynamic) link adaptation.

From the Study Item Objective of the Technical Report on the UE application layer data throughput performance  [2]:
	Variable reference measurement channels:
b)	analysis of suitable link adaptation scenarios and development of corresponding 5G NR application layer throughout test procedures. An analysis of upper layer protocols and parameters impacting application layer throughout measurements will also be provided. 
NOTE 1:	There is significant industry interest in performing application layer throughput measurements with variable reference measurement channels (link adaptation) as this represents a scenario closer to real world deployments.




Above objective indicates that the industry does not see the existing requirements or CQI and PDSCH as having enough coverage to provide adequate information about the throughput capabilities of the UE on Application Level. 
Currently requirements exist on link level for PDSCH with fixed MCS @ 70% relative to maximum throughput. In addition, requirements are defined for CQI (ratio of follow CQI over median CQI at fixed SNR point(s)), which are used to ensure that following the UE choice of CQIs result in a better performance than not following. 
Both requirement types are rather independent of the experienced performance on the application layer; in large parts due to avoiding the full inner/outer loop link adaptation that tracks the measured and predicted channel state. Defining requirements for ATP will introduce test cases where TE/SS schedules the MCS based on the CQI feedback received, as with existing CQI tests and, in addition to existing CQI tests, measure the resulting data throughput.
Based on the request from RAN5, ATP with link adaptation was discussed in RAN4 under Rel.17 SI with the target to analyse the feasibility of defining ATP requirements potentially with a direct throughput in Mbps for the DUT.
There is significant industry interest in performing application layer throughput measurements representing scenarios close to real world deployments.

Outcome from Rel.17 
In the following section we will provide our view on the outcome of the Rel.17 SI as well as proposed changes we see relevant for ATP requirement definition.

Main outcome of Rel.17 SI
RAN4 has finalized the ATP feasibility study in Rel.17 and provided the conclusion and recommendations in [2] which states from RAN4 on the feasibility study that it is feasible to define ATP requirements under link adaptation using the agreed methodology.
The Rel-18 starting point is hence based on the Rel-17 study on Feasibility of Defining Link Adaptation Absolute Physical Layer Requirement.
The RAN4 feasibility study done under NR_demod_enh2-Perf concluded, that it is feasible to define ATP requirements under link adaptation.
Based on the Rel.17 SI results, RANP through request from RAN5 has asked RAN4 to define requirements for ATP with link adaptation.

Study simulation setup and assumptions
In RAN4 #99-e, simulation assumption, test parameters and performance aligning criteria for application layer data throughput evaluation, were agreed as follows [3].
	Simulation Results Alignment
· Number of slots containing PDSCH grant
· Skip scheduling PDSCH grant on special slots and slots containing SSB, TRS, CSI-RS for CSI reporting.
· This results in number of allocated full DL slots within 20ms as: 14 for FR1 FDD, 22 for FR1 TDD and 58 for FR2 TDD.
· Processing Delay (Based on aperiodic CSI reporting)
· FR1 FDD: 6ms – 6slots
· FR1 TDD: 5.5ms – 11slots
· FR2 TDD: 1.375ms – 11slots
· Target BLER for simulations
· Option 1: 2%-20% for FR1; 1%-20% for FR2
· Option 2: 2%-30% for FR1; 1%-30% for FR2
· Other options not precluded
· How to calculate Median CQI
· Based on CQI values belonging to median RI for considered SNR point
· Additional Reported Metrics (in addition to median CQI, median RI) to aid with simulation alignment:
· BLER with link adaptation for each SNR point. 
· Alignment Results Criteria
· Option 1: Absolute throughput span within X% of average throughput across companies at a given SNR.
· Decide X based on simulation results. Possible values of X = [5]% or [10]%.
· Option 2: SNR G±Gspan can be reached for the T% of maximum throughput 
· Maximum throughput is derived with TBS corresponding to CQI index 15 with rank 2 for 2Rx/4Rx UE.
· Decide Gspan based on simulation results. Candidate option is Gspan = [2.5] dB.

Simulation Assumptions
· Whether to consider OLLA algorithm for BS/TE
· Option 1: Yes 
· Option 2: No (Baseline)
Feasibility Criteria
· The requirements of Absolute Physical Layer Throughput with Link Adaptation can be declared feasible if 
· Option 1: RAN4 can find at least one SNR point where companies’ simulation results align.
· Option 2: RAN4 can find several SNR points where companies’ simulation results align depending on Rank 1 and Rank 2 regime.
· Other options not precluded
Requirements Definition
· If it is found to be feasible to define requirements for link adaptation (LA) physical layer throughput:
· Set the physical layer throughput requirements:
· Option 1: By multiplying the averaged throughput by Y (%), e.g., Y=95% or 90%. 
· Option 2: Use methodology from PDSCH demodulation requirements with fixed RMC (i.e. average of impairments results + X dB margin).
· Depends on outcome for alignment result criteria on Slide 4. If Option 1 is agreed, use Option 1. If Option 2 is agreed, use Option 2
Simulation Results
· Companies are encouraged to provide the following based on simulation assumptions and test parameters in R4-2106122 in addition to slides 2-5.
· For each SNR point:
· Absolute Physical Layer Throughput
· CQI and RI statistics (At least Median CQI and Median RI)
· BLER with Link Adaptation



Based on above initial simulation results alignment a Rel-17 study on Feasibility of Defining Link Adaptation Absolute Physical Layer Requirement was carried out and alignment were achieved. The final RAN4 conclusion was captured in a technical report [2].

Simulation assumptions and test parameters for requirements definition
The following sections will cover our view on the configurations and assumptions used by RAN4 in the Rel.17 SI. In addition, we will further discuss our view into what needs to be considered when requirements are to be defined for Application Layer Throughput with Link Adaptation.

ATP testing method of the study
During the Rel.17 SI RAN4 discussed which ATP testing method to be used. Due to expected variance of simulation results from interested companies, alignment criteria were agreed as follows [2]:
	· Maximum throughput is defined with TBS corresponding to CQI index 15 with rank 2 for 2Rx/4Rx UE.
· Gspan = Max (G) – Min (G), where G is the set of SNRs submitted by different companies to achieve T% of maximum throughput
· Gspan is based on simulation results from interested companies. Candidate option is Gspan = [2.5] dB.



After alignment of simulation results the following methodology were agreed for requirements definition [2]:
	[….] the absolute physical layer throughput requirements can be defined as T% of maximum throughput that needs to be achieved at (average SNR of impairments results to achieve T% of maximum throughput + X dB margin).



Existing PDSCH requirements are defined in most cases with fixed MSC @ 70% of maximum throughput. To define Application Layer Throughput requirements, in the SI from Rel.17 it was decided to define requirements as T% of maximum throughput that needs to be achieved as indicated above.
This is in our understanding a new way of defining requirements and requires an agreement on the maximum achievable throughput, for example this is not done in CQI testing (follow CQI vs median CQI for the same DUT).
RAN4 agreed in the feasibility study on a methodology to be used. The same methodology can be adapted for requirements definition; however, the focus on ILLA alone can be re-discussed.
If RAN4 agrees it is not possible to define ATP requirements based on agreed absolute throughput values, RAN4 to consider using the methodology used in the Rel.17 SI as starting point for ATP requirement definition:
* The absolute physical layer throughput requirements can be defined as T% of maximum throughput that needs to be achieved at (average SNR of impairments results to achieve T% of maximum throughput + X dB margin).
* Maximum absolute throughput is defined with TBS corresponding to CQI index 15.

[bookmark: _Ref118468761]Limiting test methodology to only Inner Loop Link Adaptation
In the Rel.17 SI, RAN4 decided to limit the study to only include Inner Loop Link Adaptation.
Limiting the test methodology to only Inner Loop Link Adaptation means that the only adaptation done in the system is based on the CQI feedback, which then is used by the TE to configure MCS. As there is a specified link between the reported CQI and the MCS, it is defined how the system behaves. However, there is no way for the TE to make own adjustments similar to the NW Outer Loop Link Adaptation to actively adjust for any offsets in the CQI reporting from the UE.
Furthermore, we will not be testing the performance impact, or scaling, of how the DUT manages with being scheduled with an MCS that differs from the previously reported/expected CQI.
By limiting the test methodology to only Inner Loop Link Adaptation and exclude Outer Loop Link Adaptation, we will not be testing the performance impact, or scaling, of how the DUT manages with being scheduled with an MCS that differs from the previously reported/expected CQI.

Outer Loop Link Adaptation
In the SI it was discussed if Outer Loop Link Adaptation (OLLA) should be included in the study, however it was agreed to only include Inner Loop as it was deemed to be difficult to agree on and OLLA algorithm to be used. Not including OLLA means as described in section 2.3.1, that no corrective action will be taken by the TE actively adjust for any offsets in the CQI reporting from the UE. Including OLLA would potentially make the final requirements more useful for the operators, as it would provide a more optimal indication of the UE capabilities related to Application Layer Throughput.
The scope for the SI was reduced to not include Outer Loop Link Adaptation (OLLA) due to expected alignment issues when defining the OLLA algorithm with the available timeframe.
We see introducing OLLA will likely enhance the usefulness of defined ATP requirements seen from network operator perspective.
RAN4 to discuss the possibility of defining and introducing OLLA for ATP requirement definition.

Test cases
[bookmark: _Toc83680311][bookmark: _Toc92099882][bookmark: _Toc99980416][bookmark: _Toc106745273]For studying feasibility, RAN4 decided on simulation assumptions for 3 test cases proposed by RAN5 (full overview of test simulation assumptions can be found in [2] (Table 5.10.3-1: Simulation assumptions for Absolute Physical Layer Throughput alignment with link adaptation.):
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Frequency range
	
	FR1
	FR1
	FR2

	Bandwidth
	MHz
	10
	40
	100

	Subcarrier spacing
	kHz
	15
	30
	120

	Duplex Mode
	
	FDD
	TDD
	TDD



Based on the simulation assumptions companies provided simulation results which were combined in [2] (Table 5.10.4-1: SNR span in dB of simulation results).
When the Rel.17 SI was concluded by RAN4, FR2-2 was not yet introduced in the Rel.17 specification, hence no FR2-2 requirements were discussed for ATP. FR2-2 being included in Rel.17 (WI is expected to finalise in RAN4#105) and since high throughput is part of the ATP focus, requirements should also be defined for FR2-2. As 100MHz/120kHz configuration is already expected to be covered for FR2-1, it would make sense to also define requirements for the mandatory FR2-2 configuration of 400MHz/120kHz.
The testcases used in the Rel.17 SI does not cover FR2-2 introduced in Rel.17.
400MHz/120kHz CBW/SCS is mandatory for UEs supporting FR2-2 and is the mandatory configuration with highest possible data throughput.
RAN4 to consider the following test cases as baseline for requirement definition:
FR1: FDD 10MHz/15kHz CBW/SCS
FR1: TDD 40MHz/30kHz CBW/SCS
FR2-1: TDD 100MHz/120kHz CBW/SCS
FR2-2: TDD 400MHz/120kHz CBW/SCS

Channel Models
The 3GPP propagation channel models are useful for modelling of real-world phenomena like multipath fading, time dispersion, and Doppler shifts that arise from relative motion between the transmitter and receiver. The 3GPP Delay Power Profiles A, B, and C configure non-LOS channels and the delay power profiles D and E configure LOS channels.
During the RAN4 Study Item on the UE application layer data throughput performance feasibility the following propagation channel models were used in the simulations for performance alignment between companies:
· FR1:	TDLA30-5
· FR2-1:	TDLA30-35
RAN4 agreed in the ATP feasibility study on two specific channel profile configurations to use for simulation alignment. The final channel profiles with configured delay and doppler spreads to be used for requirement specification were not defined.
RAN4 to evaluate the channel profiles, delay and doppler spread used for requirement definition. Focus shall be to define requirements for both high throughput scenarios (e.g. FR2, high MCS) and situation(s) where the UE CSI reporting and link adaptation parameters becomes more variable to closer represent a variety of real-world deployments.

Doppler and Delay Spread
Measurement scenarios closer to variety of real-world deployments implies inclusion of radio propagation channels with both small and large Doppler and Delay Spreads and both LOS and NLOS propagation conditions. As the target for ATP is to define requirements for a closer to real-world deployments, it would make sense if RAN4 further discussed the channel models used.
We do not see the currently selected channel models for the Rel.17 SI to be fully representative of a range of real-world scenarios.
RAN4 to discuss the inclusion of larger Doppler and Delay Spread channel conditions for the FR1 requirement definition results. A starting point for evaluation of the requirement definition could be TDLB100-400 for FR1 in addition to a TDLA30-5 channel model

In the Rel-17 feasibility evaluation the CSI report via PUCCH has a delay of 11 slots (5.5 ms) for TDD and 6 slots (6ms) for FDD. If a channel profile with a larger Doppler Spread of e.g. 400Hz is included in the requirement definition, the equivalent Coherence time of 2.5 ms would imply that the CSI reporting should be more frequent.
Selection of larger doppler spreads would require analysis of the selected CSI reporting delays from the Rel.17 SI. The delays shall be small enough to match the channel Coherence Time.
If radio channels with larger Doppler Spreads are included in the evaluation of the requirement definition, consider more frequent CSI reporting matching the channel Coherence Time.

Channel Conditions – include LOS
For FR2 LOS channel conditions the CSI reporting and link adaptation parameters are expected to be more stable and represent a scenario with higher expected throughput in comparison with NLOS channel conditions.
FR2 LOS channel conditions represent a high throughput scenario, which would be beneficial to include in the evaluation of the requirement definition
Discuss the inclusion of FR2 LOS channel conditions for the evaluation of the requirement definition. A starting point for evaluation could be TDLD30-75 or TDLD30-35 for FR2 in addition to a TDLA30-35 channel model

Conclusion
In this contribution we have provided our views with relation to requirement definition for Absolute physical layer throughput requirements with link adaptation.
 
We have made the following observations and proposals:

Background
1. There is significant industry interest in performing application layer throughput measurements representing scenarios close to real world deployments

Outcome from Rel.17 SI
Main outcome of Rel.17 SI
The RAN4 feasibility study done under NR_Perf_enh2_Demod_Part3 concluded, that it is feasible to define ATP requirements under link adaptation.
Based on the Rel.17 SI results, RANP through request from RAN5 has asked RAN4 to define requirements for ATP with link adaptation.

Simulation assumptions and test parameters for requirements definition
ATP testing method of the study
RAN4 agreed in the feasibility study on a methodology to be used. The same methodology can be adapted for requirements definition; however, the focus on ILLA alone can be re-discussed.
1. If RAN4 agrees it is not possible to define ATP requirements based on agreed absolute throughput values, RAN4 to consider using the methodology used in the Rel.17 SI as starting point for ATP requirement definition:
* The absolute physical layer throughput requirements can be defined as T% of maximum throughput that needs to be achieved at (average SNR of impairments results to achieve T% of maximum throughput + X dB margin).
* Maximum absolute throughput is defined with TBS corresponding to CQI index 15.

Limiting test mythology to only Inner Loop Link Adaptation
By limiting the test methodology to only Inner Loop Link Adaptation and exclude Outer Loop Link Adaptation, we will not be testing the performance impact, or scaling, of how the DUT manages with being scheduled with an MCS that differs from the previously reported/expected CQI.

Outer Loop Link Adaptation
The scope for the SI was reduced to not include Outer Loop Link Adaptation (OLLA) due to expected alignment issues when defining the OLLA algorithm with the available timeframe.
We see introducing OLLA will likely enhance the usefulness of defined ATP requirements seen from network operator perspective.
RAN4 to discuss the possibility of defining and introducing OLLA for ATP requirement definition.

Test cases
The testcases used in the Rel.17 SI does not cover FR2-2 introduced in Rel.17.
400MHz/120kHz CBW/SCS is mandatory for UEs supporting FR2-2 and is the mandatory configuration with highest possible data throughput.
RAN4 to consider the following test cases as baseline for requirement definition:
FR1: FDD 10MHz/15kHz CBW/SCS
FR1: TDD 40MHz/30kHz CBW/SCS
FR2-1: TDD 100MHz/120kHz CBW/SCS
FR2-2: TDD 400MHz/120kHz CBW/SCS

Channel Models
RAN4 agreed in the ATP feasibility study on two specific channel profile configurations to use for simulation alignment. The final channel profiles with configured delay and doppler spreads to be used for requirement specification were not defined.
RAN4 to evaluate the channel profiles, delay and doppler spread used for requirement definition. Focus shall be to define requirements for both high throughput scenarios (e.g. FR2, high MCS) and situation(s) where the UE CSI reporting and link adaptation parameters becomes more variable to closer represent a variety of real-world deployments.

We do not see the currently selected channel models for the Rel.17 SI to be fully representative of a range of real-world scenarios.
RAN4 to discuss the inclusion of larger Doppler and Delay Spread channel conditions for the FR1 requirement definition results. A starting point for evaluation of the requirement definition could be TDLB100-400 for FR1 in addition to a TDLA30-5 channel model

Selection of larger doppler spreads would require analysis of the selected CSI reporting delays from the Rel.17 SI. The delays shall be small enough to match the channel Coherence Time.
If radio channels with larger Doppler Spreads are included in the evaluation of the requirement definition, consider more frequent CSI reporting matching the channel Coherence Time.

FR2 LOS channel conditions represent a high throughput scenario, which would be beneficial to include in the evaluation of the requirement definition
Discuss the inclusion of FR2 LOS channel conditions for the evaluation of the requirement definition. A starting point for evaluation could be TDLD30-75 or TDLD30-35 for FR2 in addition to a TDLA30-35 channel model
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