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[bookmark: _Toc116995841]Introduction
In RAN4#106 it was discussed weather to introduce HARQ ReTx and/or OLLA for requirement definition. It was agreed to encourage interested companies to provide simulation results including HARQ ReTx, however introducing OLLA was not agreed. In addition, it was also agreed to not introduce requirements for 4 layers.
In RAN4#106 the following was captured in the chairman notes [3] in addition to the WF[1]:
	
Agreement: For ATP simulation, Tx EVM equals to 6% for both FR1 and FR2 assumed. 




In this contribution we will discuss the remaining open issues and make new proposals if needed.

[bookmark: _Toc116995842]Discussion
OLLA retrospective
In RAN4#106 we provided a simple model which would enable introduction of OLLA for requirement definition. Since majority of companies did not support this, it was agreed to focus on ATP performance requirements without OLLA [1]:
	
Issue 1-2-2: Enable of outer loop link adaptation (OLLA)
· Rel-18 focus to introduce ATP performance requirements without OLLA. 
· It’s not precluded to reconsider and evaluate in future release.  




We will not contest the agreement in RAN4#106 to not introduce OLLA for ATP performance requirements, however we want to highlight the following learnings for future evaluation efforts:
· The follow CQI approach evidently does not result in the 10%BLER target that RAN1 specified in TS 38.214 Section 5.2.2.1 [7], which can be seen from the provided simulation results in RAN4#106. 
This observed BLER target mismatch requires compensation efforts on the NW side before using CQI to derive MCS with specific BLER targets.
· In practical deployment OLLA will be enabled which will lead to OLLA being heavily compensating, and thus modifying the performance. I.e., the performance numbers in ATP without are not the minimum ones. They will be lower in deployment.
10% BLER targets do not result in optimal TPUT, and CQI reporting is currently seemingly biased to trade precision for better TPUT numbers in RAN4 requirements (CQI and ATP).
Based on Nokia provided simulation results [5] for OLLA in RAN4#106, shown in Figure 1, it can be seen that enabling OLLA results in a lower throughput for all cases. 
[image: ]
[bookmark: _Ref130380302]Figure 1 - Throughput (Mbps) for both OLLA (Conf1) and HARQ re-Tx enabled.
In addition, Figure 3 and Figure 2 are two examples from [4] which clearly show that the UE implementation does not result in a 10% BLER.


[image: ]
[bookmark: _Ref130394443]Figure 2 - BLER statistics from RAN4#106 for FR1 FDD2x2
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[bookmark: _Ref130394441]Figure 3 - BLER statistics from RAN4#106 for FR2


Based on above we see OLLA still very relevant to give minimum performance expectations that are in line with real deployments. It is also currently seemingly possible to tweak the CQI reporting in ATP requirements to improve the curves, at the cost of BLER precision (and breaking RAN1 specification). 
It is important that RAN4 agrees on a simple model for future use in both simulation environments as well as for implementation in test equipment. 
Hence, we expect to bring the question of introducing OLLA for demodulation requirements back in the future.

Test parameters and simulation assumptions

Introduction of HARQ Re-transmission
We want to quickly re-iterate our previous arguments from RAN4#106 [6], concerning selected reasons on why reTx is required for application TPUT requirements to make sense and be consistent between RAN4 and RAN5.
We previously showed that the residual error on the lower transport layers (after HARQ reTx) strongly impacts the application layer throughput. With zero residual error, the TPUT measure on lower layers will match the TPUT measured on higher layers.
It has been shown that 4 HARQ transmissions are sufficient to virtually set residual error to zero and align high and low layer TPUT. It has also been shown that no reTx (i.e., 10% residual BLER) results in a substation deviation between the two measures of TPUT at different transport layers.
In summary, if RAN5 uses their common data packets to set ATP conformance tests, then they need to have reTx enabled requirements from RAN4 to build the tests on. This is independent of RAN5 enabling high layer retransmission or not (as the “zero” low layer residual error will make further higher layer error correction redundant). However, RAN5 needs to enable low layer (HARQ) reTx in the conformance test, to match RAN4 delivered low layer and RAN5 measured high layer TPUT figures.

In RAN4#106 it was agreed to encourage companies to bring evaluation results both with and without HARQ retransmission [1].
	Issue 1-3-2: Update in ATP simulation alignment results
· Companies are encouraged to bring evaluation results with and without HARQ retransmission



Given the above argumentation and our updated simulation results in [2] for alignment purposes, which show that alignment can be achieved across companies results for HARQ reTx, we propose that requirements shall be defined with HARQ reTx.
Some necessary rules for MCS/RI/PMI of reTx are further discussed in the next section, to allow for alignment.
Define ATP requirements with HARQ reTx enabled.

[bookmark: _Ref129703104]Maximum number of HARQ Re-transmission and reTx parameters
In RAN4#106 it was agreed to encourage companies to bring evaluation results with and without HARQ ReTx. In addition, a configuration setup for HARQ ReTx was agreed [1]:
	Issue 1-2-4: Maximum number of HARQ transmission
· Companies are encouraged to bring evaluation results with and without retransmission
· Pending on the alignment outcome of further evaluation results with retransmission, if the feasibility concluded RAN4 can update the assumption with retransmission
· For retransmission number 4 including initial transmission, RV {0,2,3,1} with same MCS and rank as initial transmission; for precoder following UE reported PMI 



We have provided our simulation results both with and without HARQ ReTx in [2]. Our simulation results indicate that expected reduction is seen compared to the results without HARQ ReTx hence we conclude the agreed configuration will be sufficient. As such, we do not see any reasons to adjust the already agreed configuration from [1].
In addition, an offline discussion has been done after RAN4#106 on how to handle the PMI. The discussion resulted in 4 options where we have selected to use “Apply the latest PMI under the same RI as the initial transmission”
In our simulation results, with the proposed simulation configuration we see good alignment with what is expected of improvement between without and with HARQ ReTx.
For HARQ reTx use 4 re-transmissions (including initial transmission). Use RV [0,2,3,1} with same MCS and rank as initial transmission. Apply the latest PMI under the same RI as the initial transmission. 

Phy Layer TP requirement specification
Phy Layer TP test metric
In RAN4#106 the TP test metrics were not further discussed, and the issue was postponed to next meeting when updated simulation results are expected to be available [1]:
	Issue 1-3-1: Phy Layer TP test metric
· Average SNR of impairments results to achieve T% of maximum throughput + X dB margin 
· Use Gspan = [2.5] dB to check if the results are aligned
· Use X = [0.5] dB for QPSK, X = [0.5] dB for 16QAM 
       X = [0.8] dB for 64QAM, X = [0.8] dB for 256QAM 
· The maximum throughput is defined as with TBS corresponding to CQI index 15 with rank Y for 2Rx/4Rx UE, e.g., Y=2 for both 2Rx/4Rx UEs.

· Discuss based on the updated simulation results in the next meeting
· Whether X dB margin is applied to alignment results or impairment results
· Whether the proposed X dB values are agreeable or not



In our view, the usual margins seem to be fine and can be re-used also for defining ATP requirements.
Requirements are commonly done on impaired results. We do not see any reason to change this.
Define requirements based on alignment results with the usual span of 2.5dB and the usual margins of 0.5dB for QPSK/16QAM and 0.8dB for 64QAM/256QAM

EVM = 6% for all cases
In our simulation results [2], we have provided updated values with EVM=6% as per agreement in RAN4#106 (agreement is captured in the chairman notes). 
The EVM 6% results show a slight performance degradation, particularly at higher SNRs with high CQI reported values (2x4 scenarios). This is to be expected as the 6% EVM limits the effective SNR to around 20dB at 64QAM, which is exactly what is seen from the simulations.
As such an EVM of 6% will not impact the demodulation performance for SNR levels up to 20 dB.
We see the introduction of EVM=6% to not have significant impact on demodulation performance for SNR levels up to 20dB

Test point T (%) selection 
	Issue 1-3-3: Test point T (%) selection        
· Test SNR selection criteria
· Option 1
· Cover both low and higher modulation order/layer
· Option 2
· For 2Rx: Choose one in rank 1 and one in rank 2
· For 4Rx: Choose both T points in rank 2 region, one in the medium SNR away from rank transition region, and one close to 20 dB (peak SNR).
· Option 2a: Set of SNR with no/frequent rank transitions
· Option 2b: 
· For 4Rx: Choose 1 SNR point in high SNR region.
· Option 3
· Choose the SNRdominant RI transition where major of simulation results shows median RI change
· For 2Rx, add mid-point in [0 ~ SNRdominant RI transition] range
· For 4Rx, add mid-point in [SNRdominant RI transition ~ 20] range

· Test points based on the SNR selection criteria
· Option 1: 
· For FR1 2Rx, T% = (10% or 15%) and (40% or larger)
· For FR1 4Rx. T% = (10% or 15% or 20%) and (45% or larger)
· For FR2 2Rx, T% = (10% or 15% or 20%) and (40% or larger)
· Option 2: 
· For FR1 2Rx, T% = 10% and 40%
· For FR1 4Rx, T% = 15% and 60%
· For FR2 2Rx, T% = 10% and 40%
· Option 3: 
· For FR1 2Rx, T% = 10% and 35%
· For FR1 4Rx, T% = 20% and 55%
· For FR2 2Rx, T% = 10% and 35%
· Option 4: 
· For FR1, T% = 10% and 40%
· For FR2, T% = 10% and 35%
· Option 5: 
· Trimming to T (%) with 5% granularity based on Option 3 for SNR selection
· For FR1 2Rx, T% = 15% and 30%
· For FR1 4Rx, T% = 15% and 40%
· For FR2 2Rx, T% = 20% and 35%
· Discuss in the next meeting with the following aspect based on the updated simulation results
· SNR options considering uniqueness of test SNR coverage
· Tentative agreement on T (%) based on simulation results for alignment considering Gspan and margin
· Confirm T (%) based on simulation results with impairment. It does not preclude the possibility of adjustment with [+- 5% steps] from alignment perspective.



According to the current simulation results from [4] the RI indicates it is possible to define requirements for rank 1 for all cases. This would mean it is likely possible to define requirements for both low and high modulation order/layer.
For defining requirements in the rank transition, this is difficult to secure, hence focus should be on defining requirements in SNR where then rank is stable (i.e. one requirement for rank 1 and one requirement for rank 2 for each testcase)
We see it possible to define requirements for rank 1 and rank 2 for all testcases. Defining requirements in rank transition area will be difficult as previous provided simulation results show high deviation in when rank transition is done.
For test point selection criteria cover both low and higher modulation order/rank for each testcase. Do not define requirements in rank transition area.

Part 1 of the issue has already decided on how to select the test points in terms of SNR. Throughput wise testpoints are then directly linked to this SNR.
We do not see the need to discuss SNR selection based on percentage. Instead, SNR should be selected based on the lowest and highest aligned values.
For FR1 use SNR=0 for rank 1 and SNR=20 for rank 2. For FR2 use SNR=0 for rank 1 and SNR=15 for rank 2.

Applicability and release dependency
Applicability and release independent
In RAN4#106 the question of Applicability and release independency was discussed [1]: 
	Issue 1-4-1: Applicability and release independent
· Option 1: The requirement with link adaptation should be applicable for all NR UEs without any new applicability rules, and the requirement should be release independent from Rel-15 
· Option 2: The requirement with link adaptation should be applicable from Rel-18 and not release independent from Rel-15 considering that companies are providing the latest results. 



Assuming companies provide new simulation results for alignment, if would be natural to define the requirements applicable from Rel-18 only (Option 2).
As requirements are being defined based on new simulation results from companies, we are fine to define the requirements applicable from Rel-18 and not release independent from Rel-15 (Option 2).


[bookmark: _Toc116995848]Conclusion
In this contribution we have provided Nokia's view on the remaining open issues for Application Layer Throughput with link adaptation.
In the paper, the following Observations and Proposals were made:

Test parameters and simulation assumptions
1. Define ATP requirements with HARQ reTx enabled.
1. In our simulation results, with the proposed simulation configuration we see good alignment with what is expected of improvement between without and with HARQ ReTx.
For HARQ reTx use 4 re-transmissions (including initial transmission). Use RV [0,2,3,1} with same MCS and rank as initial transmission. Apply the latest PMI under the same RI as the initial transmission. 

Phy Layer TP requirement specification
Requirements are commonly done on impaired results. We do not see any reason to change this.
Define requirements based on alignment results with the usual span of 2.5dB and the usual margins of 0.5dB for QPSK/16QAM and 0.8dB for 64QAM/256QAM
We see the introduction of EVM=6% to not have significant impact on demodulation performance for SNR levels up to 20dB

We see it possible to define requirements for rank 1 and rank 2 for all testcases. Defining requirements in rank transition area will be difficult as previous provided simulation results show high deviation in when rank transition is done.
For test point selection criteria cover both low and higher modulation order/layer for each testcase. Do not define requirements in rank transition area.
We do not see the need to discuss SNR selection based on percentage. Instead, SNR should be selected based on the lowest and highest aligned values.
For FR1 use SNR=0 for rank 1 and SNR=20 for rank 2. For FR2 use SNR=0 for rank 1 and SNR=15 for rank 2.

Applicability and release dependency
As requirements are being defined based on new simulation results from companies, we are fine to define the requirements applicable from Rel-18 and not release independent from Rel-15 (Option 2).
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