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1 [bookmark: Source]Introduction
[bookmark: _GoBack]Codeword-to-layer mapping rule for NR is different from that of LTE. In particular, NR allows up to 4 layers per codeword. NR allows 3 or 4 layers mapped to a single CW. NR may also allow 3 or 4 layers mapped to two CWs. For more than 4 layers, NR allows two CWs, each with up to 4 layers. Since different layers may experience different channel quality, having/allowing different number of layers per CW affects how the MCS table (i.e. available choice of {code rate, modulation order} pairs) should be constructed for the optimal link adaptation.
In case of multi-TRP and multi-panel transmission, the layers belonging to a CW may come from multiple TRPs or panels. In this case, the layers belonging to a CW but transmitted from different TRPs/panels may experience a larger variation in channel quality, which again affects the optimal choice of code rates and modulation order.
NR supports both codebook-based and non-codebook-based MIMO transmissions. Depending on the precoding scheme employed by the gNB, the layers belonging to a CW may experience a large or a small variation in channel quality, which again affects the optimal choice of code rates and modulation order.
All of the above affects how the {modulation order, code rate} should be chosen for NR. In this contribution, we discuss considerations for the MCS table construction.

Relevant RAN1 agreements are captured below:

On the codeword mapping, in RAN1#88bis, it was agreed
· Confirm the following working assumption as an agreement:
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE
· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW
· One CQI is calculated per CW

In RAN1#89, it was agreed
· For >4-layer transmission, each of the two CWs is mapped to at most 4 layers
· At least support the following layer split for L >4 layer transmission: the 1st  layers  CW0 and remaining layers  CW1
· For >4 layer transmission, investigate further whether or not to support additional correspondence with limited number of possibilities 
· The mapping is configured by gNB to the UE
· FFS whether by RRC signaling or DCI or both 
· FFS possible mapping configured by gNB
· FFS  whether the UE report the preferred layer mapping
· NR supports in one DCI containing one MCS (for the case of one CW) and two MCSs (for the case of two CWs) for a given UE
· FFS details

On the multi-TRP and multi-panel transmission, in RAN1#89, it was agreed
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately



2 MCS table consideration for NR

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 1.5 may be achieved by either {QPSK, R=3/4} or {16QAM, R=3/8}. 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., {QPSK, R=3/4}: 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. {16QAM, R=3/8}: 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, {QPSK, R=5/6} with SE=1.67 has a lower SNR operating point than {16QAM, R=1/2} with SE=2.0. On the other hand, for rank 4, {QPSK, R=3/4} with SE=1.5 has a higher SNR operating point than {16QAM, R=1/2} with SE=2.0, despite a lower spectral efficiency, which implies that for rank 4, the switching into 16QAM should happen at a lower code rate than for rank 1.
[image: ]
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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. 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. The MCS table can also potentially be different for different ranks.
Proposal 1: MCS study should take into account CW-to-layer mapping agreed in NR, and different deployment and/or channel characteristics.
Proposal 2: Consider rank-dependent and/or RB allocation dependent MCS tables.

3 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, and precoding scheme used.
Proposal 1: MCS study should take into account CW-to-layer mapping agreed in NR, and different deployment and/or channel characteristics.
Proposal 2: Consider rank-dependent and/or RB allocation dependent MCS tables.
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