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1. Background
In the early days of UMTS there was extended discussion on the topic of using variable reference channels (VRC) for defining UE performance requirements. One of the debates was whether the test equipment would be able to optimize the MCS selection based on the UE reports to optimize throughput as happens in real networks which can take account of bias in the UE reports. Without a resolution on how the test system might standardize the MCS selection, UMTS performance requirements reverted to FRC.
In LTE, the same questions were brought up although the debate was much shorter and FRC were again chosen for UE performance requirements. This led to dissatisfaction among European operators which led to a request by GCF to have 3GPP develop performance requirements for variable MCS/rank in order that UEs could be characterized under normal operating conditions rather than the simplified FRC approach. This request from GCF was partially met with the publication in [1] in Dec 2011 by RAN WG5 of TR 37.901 “UE Application layer data throughput performance”. This TR defines the test procedures to measure UE throughput at the application layer using variable MCS/rank. The previous concerns about how to standardize the MCS selection algorithm were resolved by following a simple “follow CQI” approach which directly applies the MCS/rank preferred by the UE at a fixed point in time after the report. This ensures all test equipment behaves the same way. It also means that the potential to extract higher throughput by “second guessing” the UE reports is not allowed. However, in retrospect, this is perhaps a better way of testing since it is not in the interests of conformance test methods to help UEs that don’t report the ideal MCS/rank as this passes on the issues to the networks which then should be optimized as a function of UE implementation.
The publication of TR 37.901 however did not fully address what GCF wanted which was performance requirements based on realistic operating conditions. Instead, we have the variable MCS/rank test procedures defined, but no requirements were developed by RAN4.
2. Analysis of FRC testing
Given the history on variable MCS/rank it is worth during the definition of a new air interface standard to consider the value of defining UE performance requirements in realistic network conditions.
The current FRC approach is well understood. It characterizes a single MCS in the presence of fading with a defined SNR crated by adding AWGN interference. The figure of merit is that the measured throughput should exceed (typically) 70% of the maximum throughput supported by the FRC.
In addition to the FRC testing there are separate tests for reporting of CQI and rank. These tests are done open loop and provide a statistical result based on the distribution of reports over a given period.

Although the current FRC and open loop CQI/rank approach is well understood, and can be simulated and measured, it does not necessarily predict how real UE will operate in real environments when the UE CQI reports are acted upon by the network. The single FRC result at fixed SNR with fading represents only one point on one curve out of many possible throughput curves that the UE will use in real operation. This is shown in Figure 1.
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Figure 1. Current FRC requirements coverage vs. real network operation
The purpose of variable MCS/rank is to optimize the symbol to noise ratio in the receiver to maximize throughput. Too high an MCS/rank and a block error will occur with no throughput. Too low an MCS/rank and the channel will be error free but throughput will have been lost due to using excessive coding. There is only one right answer to optimize throughput which is to select the MCS/rank combination that has a knee of performance that approaches the optimal throughput curve shown in Figure 1. The current method of testing with one faded FRC and unfaded interferer means that the symbol to noise ratio seen by the receiver will have Rayleigh-like distribution. For X% of the time the fading will drop the wanted signal to a level where a block error is inevitable, and for 100 – X% of the time, the received signal will be well above the noise floor and a block error will never occur. Only for a fraction of the time will the signal being used to test the receiver fall close to the knee of the selected FRC. At all other times, the signal is either too bad or too good to fall within the optimal operating limit of the receiver. The UE will pass the test if the measured throughput is above some fixed percentage of the FRC maximum, which is always below the knee. For all other MCS the UE’s ability to follow the optimal throughput for the instantaneous SNR is unknown. In effect the receiver is being used as a fading channel discriminator rather than being exercised over its designed operating range of a few dB of symbol to noise ratio.
The current FRC testing is augmented with open loop tests of CQI and rank. These tests attempt to predict whether the UE is correctly assessing the channel quality however, they are statistical in nature and never actually measure whether an individual report for an instantaneous SNR does in fact produce the optimal throughput. Errors of one or two MCS values are not detected by such tests yet would show significant difference in network performance.

The alternative to continuing with the FRC approach is to adopt for NR the variable MCS/rank approach developed for GCF by RAN5 in [1]. This would provide a much broader test of the UE’s ability to adapt to the channel and possibly make the open loop tests of MCS and rank redundant. For LTE, the relevance of variable MCS testing with “follow CQI” depends on the rate of change of the channel but at slower and pedestrian speeds it is well within the loop bandwidth of the system to correctly adapt to the channel. With the lower latency of NR, this extends the ability to adapt to faster changing channels.
3. Conclusion
Proposal 1. UE demodulation performance requirements for NR shall be based on the variable MCS/rank principles adopted in [1].
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