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At the RAN#71 meeting, the new 5G Study Item on New Radio Access Technology (RAT) was approved, aiming to identify and develop the technology components needed for successfully standardizing the new radio (NR) system for 5G [1][2]. In this contribution, we discuss the motivations for advanced link adaptation and basic principles as one of the key mechanisms for the NR.
Motivations
Link adaptation is a procedure in which a transmitter dynamically adapts its transmitted information rate over a communication link to the signal quality and interference conditions, mainly in the form of adaptive modulation and coding. In LTE, link adaptation is done for both DL and UL, and mainly relies on CQI feedback (based on CRS/CSI-RS), UL sounding (based on SRS), and ACK/NACK feedback. Link adaptation is supported by LTE standards and implementations, and is widely regarded as a key component of LTE to ensure highly efficient communications in LTE. It is expected that the NR requires a link adaptation mechanism that can ensure high spectrum efficiency in various deployment scenarios for 5G.
However, several limitations exist for LTE link adaptation, and it is desired to provide advanced link adaptation mechanisms for the NR for improved performance. These limitations are outlined below.
· LTE link adaptation was designed with a key focus on steady interference conditions
LTE link adaptation based on CQI feedback was design about 10 years ago. At that time, full buffer traffic was the key focus, which is associated with a relatively stable interference condition. Cell on/off and narrow-beam beamforming were not introduced, either. Therefore, link adaptation for bursty traffic with bursty interference was not thoroughly studied. Bursty interference can cause a mismatch between the reported CQI/SINR and the actual received SINR. The mismatch may be partially alleviated by shortened CQI feedback delay, but there is a fundamental limitation of how much the mismatch can be reduced due to the fundamental constraint of strict causality imposed by CQI feedback in LTE link adaptation.
For 5G, significant fluctuations of the traffic load can become very typical, which causes very bursty interference. Furthermore, network adaptation, such as TRP on/off, very narrow-beam beamforming, TRP/beam reselection, MU-MIMO, enhanced CoMP, power adaptation, etc., adds to the fluctuation of interference. 
Therefore, it is natural to expect that LTE link adaptation can work well with relatively steady interference conditions but will not be effective with highly fluctuating interference in 5G. 
· Outer loop link adaptation (OLLA) has some challenges in practice
OLLA provides a way to adaptively offset an available CQI/SINR value so that the actual received FER may gradually approach a predetermined set point (e.g., 10% first transmission FER), generally based on ACK/NACK feedback. Though overall effective, OLLA has some issues in practice. For example, when interference goes through an abrupt change, OLLA may experience problems such as slow convergence and overshoot. Under highly bursty interference conditions, OLLA may cause instability. Unless OLLA converges, the spectrum efficiency of the link would be lower than that the link could have supported.
· Sounding has certain limitations 
Sounding can be an effective way to obtain the signal/channel quality of a link in TDD systems, and should be supported and enhanced in the NR. However, for FDD systems, sounding cannot be used. In addition, even in TDD systems, no information about the interference condition of a link can be made available via sounding.
Observation 1: The existing link adaptation methods have some key limitations and more advanced link adaptation should be considered for the NR.
Considerations for advanced link adaptation
One key aspect of advanced link adaptation is to reduce the mismatch between the reported CQI and actual received SINR. This needs to take into account interference characteristic changes. These changes may be caused by TRP on/off, flashlight effect due to beamforming, TRP/beam reselection, MU-MIMO pairing, CoMP, power adaptation, arrival or completion of large packets, etc. They may reflect the nature of qualitative/structural changes of interference statistics occurring in the network, rather than fluctuations caused by small-scale randomness such as fast fading. For advanced link adaptation to work effectively, it needs to properly account for such interference characteristic changes. For example, if the MCS level is determined by a CQI feedback, the interference measurement for generating the CQI report should reflect the on/off status and power levels of neighboring TRPs.
Observation 2: Advanced link adaptation should reflect interference characteristic changes.
As events such as TRP on/off, narrow-beam beamforming, arrival or completion of large packets, etc., may occur highly dynamically in the NR, advanced link adaptation should account for the interference changes due to these events at the same time as the events happen. This is to contrast against traditional link adaptation which accounts for the interference changes some time after the events happen. This may require the TRPs not to operate in a completely autonomous and unrestricted fashion, but follow certain protocols so that an anticipated change of interference conditions can be properly accounted for in interference measurement. However, any pre-coordination of eNBs, if required, should be kept at a level supportable by the backhaul connections among the eNBs.
Observation 3: Advanced link adaptation should reflect interference characteristic changes immediately upon occurring.
To summarize, we have the following proposal:
Proposal: To reduce mismatch between the reported CQI and actual received SINR, the NR should support advanced link adaptation that can closely reflect time-varying interference characteristics.
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In this contribution, limitations of existing link adaptation methods are analyzed, and advanced link adaptation is motivated. We have the following proposal:
Proposal: To reduce mismatch between the reported CQI and actual received SINR, the NR should support advanced link adaptation that can closely reflect time-varying interference characteristics.
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