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1	Introduction
At RAN#89-e, it was agreed that RAN4 study the feasibility of defining Variable Reference Channel (VRC)/Link Adaptation scenarios and requirement, and accordingly RAN#90-e approved the study item of 5G NR UE Application layer data throughput performance [1]. One of the objectives for RAN4 is to study the feasibility of defining the PDSCH demodulation requirements with variable reference measurement channels (VRC) as follows:
	Variable reference measurement channels:
i) Study the feasibility of defining requirements with link adaptation in RAN4
· Analyze in which scenarios absolute physical layer throughput can be verified
· Use currently defined RI test setup in 38.101-4 as a starting point
· Fixing the RI is not precluded if the RI test setup with PMI/CQI/RI adaptation is not feasible
· If found infeasible, another test setup can be investigated
· Parameters suggested by RAN5 in R5-195422 to be used as a starting point
· Other parameters can be considered based on the evaluation in RAN4
· Limit the total number of scenarios studied to the set suggested by RAN5
· Decide the criteria for simulation result alignment during the SI
· Based on the status of the simulation result alignment, discuss the criteria to derive the requirements, if it is concluded as feasible to define the requirements
ii) RAN5 to study the application layer throughput procedures based on outcome from i)
Note: 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.



Since RAN4 is the secondary leading WG, this configuration discusses the test methodology for application layer data throughput performance requirements. 
2	Discussion
2.1	Definition of UE application layer data throughput
According to TR 37.901 5.1.2 [2], the UE application layer data throughput is defined as follows:
	The measured UE Application Layer Throughput, T, is defined as the number of useful user data bits per unit of time delivered by the network from the source end point to the destination end point, excluding protocol overhead (TCP header, UDP header, etc.) and retransmitted data packets. The end points are defined in clause 5.1.1.



Traditionally RAN4 UE demodulation requirements only consider the physical layer performance, that is, the requirements are set based on the assumption BS transmits the fixed transport block (FRC) or BS follows the CQI/PMI/RI reported by UE. This means RAN4 UE demodulation and CSI reporting requirements are independent of the application layer protocol, e.g. TCP or UDP. Therefore, we think RAN4 should evaluate the physical layer throughput although this SI targets the application layer data throughput performance.
Proposal 1: RAN4 should evaluate the physical layer throughput in the SI application layer data throughput requirements.
2.2	Test metric
In our understanding, the application layer data throughput requirements assume the TE changes the MCS and rank for PDSCH slot by slot, according to the CSI feedback by UE. This means we cannot use the SNR to achieve X (%) of the maximum throughput as the test metric. Instead the possible metric is the physical layer throughput at the given SNR test points. According to TS 38.521-4 G.3.3 (PMI reporting test) [3] , the physical layer throughput can be calculated as follows:
	· SS[footnoteRef:1] collects ACK, NACK and statDTX from the UE and records the time, elapsed from the beginning of the test. The payload size, received by the UE and acknowledged towards the SS, is constant. Throughput can be calculated in the SS by multiplying the payload size with the number of ACKs and dividing the accumulated payload in kilobits by the time in seconds, elapsed from the beginning of the test, being associated to the following ratio: ACK / (ACK+NACK + DTX). [1:  System simulator] 




Proposal 2: For the evaluation of application layer data throughput requirements, RAN4 should assume TE schedules the PDSCH transport block, rank, and precoding slot by slot, according to the reported CQI/PMI/RI. 
Proposal 3: The physical layer throughput for VRC is defined by multiplying the payload size with the number of ACKs and dividing the accumulated payload in kilobits by the time in seconds.
Proposal 4: One of the test metrics of physical layer throughput performance requirements is the physical layer throughput at a given SNR test point. 
When RAN4 set the PDSCH demodulation requirements, the required SNR values are derived by averaging the companies impairment results, and it is observed the companies add about 2.0dB as the impairment margin. If RAN4 sets the physical layer throughput as the test metric, we should discuss how to capture the impairment margin when we set the requirements. If we assume the SNR test point X (dB), we can consider two options: 
· Option 1
1. Average of companies’ physical layer throughput at the test point X (dB), e.g., X=18dB. 
2. Set the physical layer throughput requirements by multiplying the averaged throughput by Y (%), e.g., X=95%.
· Option 2
1. Set the physical layer throughput requirements by averaging the companies physical layer throughput at SNR X – Z (dB), e.g., X=18dB and Z=2dB.  
Proposal 5: RAN4 should discuss how to derive the physical layer throughput requirements after the alignment. 

According to TS37.901 [2], the existing application layer throughput performance requirements for HSDPA and LTE is supported to achieve a certain throughput with FTP/UDP given a certain conditions such as fading channel and SNR condition. If we assume gNB schedules the MCS/PMI/Rank of PDSCH based only on the reported CSI (i.e., closed loop mode), there are several ways (algorithms) to achieve a certain throughput for the given SNR test point in the fading condition. For example,
1. UE reports relatively lower (conservative) CQI/Rank to achieve lower BLER
2. UE reports relatively higher (aggressive) CQI/Rank to achieve higher BLER
Alternatively, it is also possible to achieve a certain throughput even if 
3. UE reports almost fixed CQI/Rank regardless of the channel fading
From the network point of view, 1) is preferable because 2) or 3) may cause more retransmission and waste the network resources. To avoid wasting the network resources with very aggressive CQI/Rank and/or almost fixed CQI/Rank, RAN4 may need to consider other metrics than physical layer throughput, e.g., decoding success rate and statistics of the reported CQI/PMI/RI. 
Proposal 6: RAN4 need to discuss the metric of application layer data throughput requirements other than the physical layer throughput, e.g. decoding success rate and statistics of the reported CQI/PMI/RI during the tests. 

2.3	Update of physical layer throughput requirements
We think one of the benefits of not setting the target application layer data throughput performance in [2] is the operators or certification body can update the target throughput as release is increased. For example, we believe the latest NR chipset should achieve better (higher) physical layer throughput compared with the NR chipsets released a few years ago, if the test point and parameters are same. However, RAN4 does not update the performance requirements, that is, the UE only need to pass the requirements set some releases ago. We are wondering if it is beneficial to keep the same target throughput over the many releases. We therefore propose to discuss the possibility to update of target throughput per release.
Proposal 7: RAN4 should discuss whether to keep the same physical layer throughput requirements or to update the throughput requirements per release.

2.4	Enhanced receiver
RAN4 has defined PDSCH demodulation requirements based on the Enhanced Receiver Type 1, which is SU-MIMO Interference Mitigation advanced receiver. We expect the physical layer throughput with the Enhanced Receiver Type 1 is higher compared with the baseline MMSE-IRC receiver for some test setup. RAN4 should discuss whether to evaluate the performance not only for the baseline MMSE-IRC receiver but also for the Enhanced Receiver Type 1.
Proposal 8: RAN4 should discuss whether the performance evaluation is only for the baseline MMSE-IRC receiver or to include the Enhanced Receiver Type 1.
2.5	Multi carrier operations
In the real world deployments, it is common that the network configures CA so that UE can received data from several frequency bands, and TS 37.901 also specify the reference test points for LTE CA (and LTE CA with LAA SCell). We are also interested in the UE physical layer throughput performance when CA is configured, but considering the work load, we propose this SI focus on the single carrier scenario. 
Proposal 9: For the SI application layer data throughput performance, RAN4 should focus on the single carrier scenario. 

3	Summary
Proposal 1: RAN4 should evaluate the physical layer throughput in the SI application layer data throughput requirements.
Proposal 2: For the evaluation of application layer data throughput requirements, RAN4 should assume TE schedules the PDSCH transport block, rank, and precoding slot by slot, according to the reported CQI/PMI/RI. 
Proposal 3: The physical layer throughput for VRC is defined by multiplying the payload size with the number of ACKs and dividing the accumulated payload in kilobits by the time in seconds.
Proposal 4: One of the test metrics of physical layer throughput performance requirements is the physical layer throughput at a given SNR test point. 
Proposal 5: RAN4 should discuss how to derive the physical layer throughput requirements after the alignment. 
Proposal 6: RAN4 need to discuss the metric of application layer data throughput requirements other than the physical layer throughput, e.g. decoding success rate and statistics of the reported CQI/PMI/RI during the tests. 
Proposal 7: RAN4 should discuss whether to keep the same physical layer throughput requirements or to update the throughput requirements per release.
Proposal 8: RAN4 should discuss whether the performance evaluation is only for the baseline MMSE-IRC receiver or to include the Enhanced Receiver Type 1.
Proposal 9: For the SI application layer data throughput performance, RAN4 should focus on the single carrier scenario. 
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