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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
In previous RAN1 meetings, the following agreements on TBS, MCS and CQI related topics were achieved [1]:
Agreement: 
TBSs are byte-aligned
Agreement: 
The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 
Agreement
For NR PDSCH MCS table, support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible
The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table
RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of CP-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible
The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table
RRC signalling is used to choose between the two MCS tables

Agreement
For NR PUSCH MCS table (in case of DFT-s-OFDM), support two separate 5 bit tables for 64QAM and 256QAM and RAN1 will strive to reuse as many entries as possible
The MCS table will include entries for PI/2 BPSK
The 64QAM MCS table should be default unless the UE is configured to use 256QAM MCS table
[bookmark: _Hlk495617136]RRC signalling is used to choose between the two MCS tables
Note: In the case a UE supports only up to 16QAM, the default table should be used

Agreement
The following fields are used in defining the MCS table: 
MCS index and a corresponding modulation order and target code rate x [1024]

In this contribution, we continue to discuss the principles to design the MCS tables and TBS. Some simulation results to facilitate MCS and TBS designs will also be presented.

MCS table design 
Design principles
Taking into account the previous agreements, the design principles for MCS tables of eMBB scenario are summarized as follows:
1. The total number of MCS tables for eMBB scenario is 4, including:
a) 2 tables for OFDM (both DL and UL): 
i. 64 QAM
ii. 256 QAM
b) 2 tables for DFT-s-OFDM (including BPSK):
i. 64 QAM
ii. 256 QAM 
Considering the OFDM waveform for UL is used for median or high SNR UEs and multiple MIMO layers, it is possible to reuse the MCS table for DL as well. In contrast, DFT-s-OFDM waveform serves the long range users, hence it should keep spectral efficiency and MCS lower than OFDM cases. 
Observation 1: Four MCS tables should be defined for NR eMBB scenario: 1) OFDM 64 QAM; 2) OFDM 256 QAM; 3) DFT-s-OFDM 64 QAM; 4) DFT-s-OFDM 256 QAM.

2. Two overlapping MCS levels are needed where the modulation order changes with the same spectral efficiency, similar to LTE. This is because with different MIMO ranks it has been shown that performance varies even the SEs are the same, as discussed in [2].
Observation 2: Two MCS levels with the same spectral efficiency should be inserted at the modulation order switching point (e.g. [high mod order, low rate] and [low mod order, high rate]).

3. The last three or four MCS entries should be reserved for special functionalities for future use, e.g., adjusting modulation order or RV index.
Observation 3: Three or four reserved MCS entries should be reserved for additional functionalities. 
4. As a perfect design of MCS table, the interval of spectral efficiencies and required SNRs between two adjacent MCS levels should be almost equal.
 
Simulations 
To find the required SNR and corresponding modulation and rate, a series of simulations have been done. LDPC codes with both BG1 and BG2 are used. The decoding algorithm is flooding sum-product with 50 iterations. The channel is AWGN. A bit-level interleaver as defined in previous agreements is also applied. Fig.1 shows an example of spectral efficiency vs. required SNR @ BLER=1e-2. Modulation order is switched from QPSK to 256-QAM. With such kind of figures, we can look up the minimum required SNR, modulation order and code rate once SE is fixed. 
[image: ]
Figure 1  Spectral efficiency vs required SNR for BG1
 
Details on MCS table design
To extract a MCS table from the curves above, we firstly reserve last 3/4 entries for 64/256-QAM tables. 
An MCS table can reuse the entries of a CQI table as much as possible when deriving MCS tables from CQI tables. We firstly use all SEs of a CQI table into MCS table, and then insert one or two entries between those entries where the SE gap is too large. The SEs of the inserted entries are obtained by averaging adjacent entries. 
The benefit of this method is that the reported CQI can match some of the MCS levels and accurately guide gNB for scheduling. However, as LDPC codes with 2 BGs are adopted in NR, the curves of SE vs SNR (e.g. Fig.1) are not as linear as turbo codes. Equally spaced SEs does not lead to (almost) equally spaced SNR. From our preliminary observation, the delta SNR from nth MCS level to (n+1)th level varies from 0.6 dB to 1.8 dB. 
Therefore, to find the table with almost uniform SE and SNR interval, a good way is to slightly change the SEs to achieve a balance between SE and SNR.
Observation 4: To reach an almost uniform distribution of both SE and SNR in an MCS table, SE may refer to CQI table and be slightly adjusted. 

TBS determination based on MCS and “intermediate value”
To summarize previous agreements, TBS design principles can be expressed as follows:
1. TBS is finely tuned from intermediate number to ensure: a) byte-aligned; b) divisible at least for CB # of base graph 1; c) better to be divisible for BG2 segmentation. 
1. TBS ensures that, after segmentation, CBS/rate does not refer to a catastrophic point. This may happen at small CBS and high coding rate.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82]UE shall first determine Intermediate number of information bits (TBStemp) with the formula
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[bookmark: _GoBack]where is the quantized number of ,  is the number of subcarriers in the frequency domain in a physical resource block, is the number of OFDM symbols in a slot, is the number of REs for DMRS per PRB, and is the overhead, nPRB is the total number of allocated PRBs for the UE. More details can be found in [3].
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]In addition, UE will determine the actual TBS A before TB-CRC attachment by applying all the principles is following:
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4], if 




where lcm denotes the least common multiple , is the TB-CRC as 24, is the CB-CRC as 24, [image: ]is the size of CB and C is total number of CBs. 
Proposal 1: The proposed formula for TBS determination should be considered. 

Conclusions
According to the above discussions, we have the following proposals and observations:
Observation 1: Four MCS tables should be defined for NR eMBB scenario: 1) OFDM 64 QAM; 2) OFDM 256 QAM; 3) DFT-s-OFDM 64 QAM; 4) DFT-s-OFDM 256 QAM.
Observation 2: Two MCS levels with the same spectral efficiency should be inserted at the modulation order switching point (e.g. [high mod order, low rate] and [low mod order, high rate]).
Observation 3: Three or four reserved MCS entries should be reserved for additional functionalities. 
Observation 4: To reach an almost uniform distribution of both SE and SNR in an MCS table, SE may refer to CQI table and be slightly adjusted. 
Proposal 1: The proposed formula for TBS determination should be considered. 

References
[bookmark: _Ref490241907][bookmark: _Ref473973391]Chairman’s Notes, RAN1 #90bis meeting, Prague, Czech Republic, August 21 – 25, 2017.
[bookmark: _Ref498709479]R1-1718543, “Consideration for MCS table”, Qualcomm Incorporated, RAN1#90bis.
R1-1719381, “Resource allocation and TBS”, Huawei, Hisilicon, RAN1#91.


oleObject1.bin

image3.wmf
PRB

RE

RE

n

N

N

*

=

'


oleObject2.bin

image4.wmf
PRB

oh

PRB

DMRS

slot

symb

RB

RE

RE

N

N

N

N

N

-

-

*

=

'


oleObject3.bin

image5.wmf
'

RE

N


oleObject4.bin

image6.wmf
'

RE

N


oleObject5.bin

image7.wmf
12

=

RB

sc

N


oleObject6.bin

image8.wmf
slot

symb

N


oleObject7.bin

image9.wmf
PRB

DMRS

N


oleObject8.bin

image10.wmf
PRB

oh

N


oleObject9.bin

image11.wmf
(

)

(

)

,8

,8

temp

TBCRC

TBS

AceillcmCL

lcmC

-

æö

=×-

ç÷

ç÷

èø


oleObject10.bin

image12.wmf
1

C

=


oleObject11.bin

image13.wmf
(

)

(

)

CB-CRC

CB-CRC

+*

,8*

,8

temp

TBCRC

TBSLC

AceillcmCLLC

lcmC

-

æö

=×--

ç÷

ç÷

èø


oleObject12.bin

image14.wmf
1

C

>


oleObject13.bin

image15.wmf
cbCB-CRC

=(/(K-))

temp

CceilTBSL


oleObject14.bin

image16.wmf
TBCRC

L

-


oleObject15.bin

image17.wmf
CB-CRC

L


oleObject16.bin

image18.emf
cb


K




cb

K


image1.png
EsNO for 1le-2

BG1,

=8448,QPSK+16QAM+64QAM+256QAM

apsk

160aM

540aM

25608M

3
Frequency Efficient





image2.wmf
u

*

*

*

=

m

RE

temp

Q

R

N

TBS


