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1 [bookmark: Source]Introduction
The following agreement was made in RAN1 #AH3 [1] regarding the CQI and MCS tables.
Agreement:
[bookmark: _Hlk493694228][bookmark: _GoBack]Different CQI tables can be configured to a UE at least in order to support different maximum order of modulations
· FFS: Whether the different CQI tables should consider minimum coding rate

2 MCS considerations
In NR, the channel quality difference amongst layers belonging to a given codeword (CW) may be large or small depending on several factors. Some examples are listed below:
· If different layers are transmitted from different TRPs or panels (non-coherent JT), the layers may obviously exhibit large channel quality difference.
· The use of accurate precoding (e.g. SVD) in non-codebook-based MIMO tends to create layers that have large quality differential. In contract, the channel quality differential across layers tends to become smaller for codebook-based precoding and/or wideband precoding.
· Having more layers per CW tends to create large channel quality differential across layers.
· More frequency selective channel tends to create larger channel quality difference across REs. In addition, with the use of accurate precoding (e.g. SVD), stronger layers tend to be less frequency selective in the channel quality, and weak layers tends to be more frequency selective in the channel quality.

The figure below shows a realization of eigen-values across frequency for a 4x4 channel. It is observed that the strongest layer has relatively frequency-flat channel quality, while the weakest layer is very frequency-selective in its channel quality. Thus, a rank 1 transmission with SVD-based precoding will result in a relatively frequency-flat channel, despite the underlying frequency selectivity of the channel. On the other hand, if rank 4 is chosen, or if less accurate precoding (e.g. codebook-based or wideband precoding), even rank 1 transmission is likely to show frequency selectivity. 
[image: ]
Observation 1: In NR, the channel quality difference amongst layers belonging to a given codeword (CW) may be large or small depending on various factors.
Given different channel qualities across layers, a fundamental solution would be to use different modulations on different layers. In [1], we have shown that SCW with per-layer (or per layer group) modulation order can achieve similar performance as MCW while avoiding the significant overhead increase of MWC.
However, under a single modulation order as is agreed for Rel-15 NR currently, we are faced with the problem of selecting the single best modulation order that works the best across the layers of differing qualities. 
A given spectral efficiency may be achieved by various combinations of {modulation order, code rate} pairs. For example, a SE of 3.1 may be achieved by either {16QAM, R=0.78} or {64QAM, R=0.52}. However, depending on the degree of channel quality spread within the CW, one MCS may be favoured over the other. It is well known that a lower code rate with higher modulation order shows better performance under high spread in LLR quality. In other words, 
· Trends that favour lower modulation order, i.e., {16QAM, R=0.78}: smaller frequency selectivity (small delay spread and/or small localized RB allocation), single TRP, less accurate precoding (codebook-based and/or wideband precoding), lower rank
· Trends that favour lower code rate, i.e. {64QAM, R=0.52}: higher frequency selectivity (large delay spread and/or wideband RB allocation), multiple TRP, accurate precoding (e.g. SVD), higher rank

As an illustration, the figures below show the PDSCH TB error rate for different ranks for 4x4. For the simulations, SVD-based precoder was used based on SRS feedback. It is observed that for rank 1, {16QAM, R=0.78} with SE=3.1 has a lower SNR operating point than {64QAM, R=0.52} with the same SE. On the other hand, for rank 4, the performance of the two MCS is reversed. Similar results can also be observed from other MCS pairs shown in the figure. These implies that for rank 4, the switching into higher QAM should happen at a lower code rate than for rank 1.
[image: ][image: ]
Observation 2: A given spectral efficiency may be achieved by either a {lower modulation order, higher code rate} or a {higher modulation order, lower code rate}. The optimal choice depends on frequency selectivity, deployment, precoding scheme used, rank, RB allocation, etc.
Given that NR has a single design that accommodates various channel characteristics, precoding schemes, and deployment (multi-TRP), it may be hard to define a single MCS table (i.e. a single code rate switching point toward a higher modulation order) and extract the best performance. 
Proposal 1: NR considers supporting rank-dependent and/or RB allocation dependent MCS sub-tables.
Rather, it may be desirable to define multiple MCS tables, and the network chooses one of them that is best suited for the given deployment and precoding scheme, or it may be that NR defines one master MCS table, e.g., with 6 bits, from which sub-tables may be derived for supporting different scenarios. Furthermore, one should take into account aspects of forward compatibility, e.g., 1024-QAM support, which would result into new lines needed in the MCS table in the future, so some reserve lines should be included from the early phase of NR. Furthermore, one sub-table could be associated with the usage of TxDiv and specific CQI computation assumption; (please see also [4] on CSI feedback for open-loop and semi-open transmission). Therefore, some overlap at the modulation switching points should be supported to better adapt to different frequency selectivity of the layers; if a 6-bit master MCS table is considered, overlapping among adjacent modulation orders can be supported.
Finally, in the case of uplink where PA efficient transmissions can be more important, it might be beneficial to support lower order modulations with higher code rates in some cases. This could be different that what might be desired on the downlink for the same UE.
Proposal 2: NR considers supporting one 6-bit master MCS table which may be used to derive 5-bit MCS tables.
3 CQI considerations
In the first phase of NR, supporting two CQI tables, one for up to 64-QAM and one for up to 256-QAM, could be supported, each one with 4-bits, depending on the maximum modulation constellation supported; (similar approach was used also in LTE). 
Proposal 3: Adopt two 4-bit CQI tables for NR, one for 256-QAM and one for no 256-QAM.
In LTE, the computation of the CQI was happening assuming fixed CSI reference resources, in which the UE would select the highest modulation and code rate (and therefore TBS size assuming a allocation based on the fixed CSI reference resources) which would results into a TBLER of no more than 10%. In NR, we should consider allowing the target BLER to be configurable, to enable different services, like URLLC or eMBB, even though it might not be necessary eMBB UEs to support different target BLERs, especially at the first phase of NR. 
4 TBS considerations
Given the above considerations, it is very important that the TBS determination is accurate, especially for peak throughput, otherwise NR UE will not be able to reach it. For our proposal on TBS size determination please also see [2]. For example, in order to ensure an accurate TBS at peak throughput, and avoid issues caused by SYNC block and larger than expected code rate after excessive rate matching, NR may support TBS determination using multiple references number of REs. On the other hand, mini-slot scheduling TBS determination may be less accurate since the need of optimizing the TBS in those low spectral efficiency scenarios is less pressing at this stage of NR phase. 
Observation 3: The TBS determination for the peak throughput scenario requires careful design in NR to ensure excessive rate matching is avoided in the high code rates regimes. 
5 Conclusions 
In this contribution, we discussed considerations for NR MCS table construction.
Our observations and proposals are summarized below.
Observation 1: In NR, the channel quality difference amongst layers belonging to a given codeword (CW) may be large or small depending on various factors.
Observation 2: A given spectral efficiency may be achieved by either a {lower modulation order, higher code rate} or a {higher modulation order, lower code rate}. The optimal choice depends on frequency selectivity, deployment, precoding scheme used, rank, RB allocation, etc.
Proposal 1: NR considers supporting rank-dependent and/or RB allocation dependent MCS sub-tables.
Proposal 2: NR considers supporting one 6-bit master MCS table which may be used to derive 5-bit MCS tables.
Proposal 3: Adopt two 4-bit CQI tables for NR, one for 256-QAM and one for no 256-QAM.
Observation 3: The TBS determination for the peak throughput scenario requires careful design in NR to ensure excessive rate matching is avoided in the high code rates regimes.
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