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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#90, following agreements regarding TBS determination were captured in Chairman’s note as:
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· [bookmark: OLE_LINK12]Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value
In RAN1 Ad-Hoc #3 meeting, the following agreements were agreed with respect to CQI and MCS:
[bookmark: OLE_LINK10] Agreement:
[bookmark: _Hlk493694228]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 
In this contribution, we share our opinions about the design of TBS, CQI and MCS for NR.
2. TBS determination 
In NR various OFDM symbol numbers are used for carrying the PDSCH/PUSCH, and the overhead of reference signals is even more diverse. Given the different configuration of NR, designing specific TBS tables as in LTE is unpractical, since too many tables should be confirmed. 
A straightforward method is to find TBS determination by using a formula. In RAN1#90, some parameters about the formula have been mentioned.  The number of layers, modulation order and coding rate are clear except the time/frequency resource. And two referable options are worthy of being further studied.
Opt.1: The total number of REs available for the PDSCH/PUSCH
Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
For Opt.1, it’s easy to get the formula

Where
      is total number of REs available. 
       is modulation order
 Layer   is number of layers
       is efficiency
gNB calculates the valid REs on each OFDM symbol and each PRB in advance, and accumulates valid REs in all symbols and PRBs allocated. 
It brings complexity of gNB process for different configuration, but we can get precise REs calculation.
For Opt.2, the formula in the following.

    is the reference number of REs per slot/mini-slot per PRB ,which is predefined.
Considering the complex case, only one fixed value is far from enough, e.g  reusing LTE will bring even worse performance loss for NR. So a group of predefined values for can be specified in the specification, gNB selects one closest value in group for the current configuration based on a kind of algorithm.
Although Opt.1 provides accurate estimate of SEs, there are several issues regarding this design:
· If the network uses DCI field to indicate accurate REs, the corresponding DCI overhead is too large;
· If the network does not indicate such values, there is risk of misaligned understanding of TBS between gNB and UE. For so many different kinds of aperiodic rate matching behavior, such misalignment is highly possible. The misalignment would continue to influence the following HARQ retransmissions. 
· Accurate estimate of SEs does not provide too much gains in real network deployment. 
Proposal 1:
· In NR, TBS determination for the PDSCH/PUSCH should use Opt.2.  
Another problem is choosing one better parameter from “” and a combination of “” and “”. 
It’s flexible that decoupling the coding rate and modulation order. For example UE maybe select 16QAM as maximum modulation order in LTE uplink and the case would not be precluded in NR, the higher coding rate for 16QAM is not usually specified explicitly in MCS table. If using efficiency indicated by MCS index, confused understanding TBS determination will not appear between gNB and UE.
Proposal 2:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK9][bookmark: OLE_LINK11]We prefer “” instead of a combination of “” and “” in formula.
3. CQI design
Taking actual field test into account, e.g, inaccurate interference measurement, unsatisfactory physical abstraction method for SNR to BLER curve,  dynamic SU-MIMO to MU-MIMO  switching and other factors, high-precision CQI table is unnecessary, 4bit as LTE for NR is enough. In fact, to amend the unreliable CQI, gNB uses Euler outer loop algorithm based on ACK/NACK feedback from UE, which adjusts a radical or conservative step based on IBLER (e.g IBLER=10%)  to select desirable MCS index. In addition, the performance difference of LDPC and Turbo is not significantly, which is almost ignorable in factors described above. 
In last meeting, different CQI tables in NR can be configured to a UE at least in order to support different maximum order of modulations, which has the same thinking with LTE. So, we think redesigning CQI table is unnecessary, which brings no performance boost, but extra work. So reusing CQI table in LTE for NR is a good choice. 
Proposal 3:
· The CQI table in LTE can be reused by NR.
4. MCS considerations
 OFDM waveforms based modulation schemes have been agreed as follows. 
	CP-OFDM
	DFT-S-OFDM

	
	π/2-BPSK

	QPSK
	QPSK

	16QAM
	16QAM

	64QAM
	64QAM

	256QAM
	256QAM


OFDM waveforms based MCS table is necessary, but whether to design 64QAM and 256QAM in the same waveform independently or not?  
Option4-1. designing independent table
If designing 5bit table of maximum order of modulations  64QAM and 256QAM independently,finer granularity in MCS just like LTE can be guaranteed.
Option4-2. designing one coexisting table 
It’s simple for NR specification, if designing one 5bit table including 64QAM and 256QAM simultaneously. And it’s flexible to adapt to different UE supporting different modulation orders by decoupling the coding rate and modulation order in only one coexisting table, without adding new RRC signaling. As mentioned above, gNB usually use Euler outer loop algorithm to remedy MCS index, so relatively coarse granularity MCS design has little performance loss. 
Proposal 4:
· For NR MCS table regarding different maximum modulation order, down-select from the following two options
· Support one 5bit table including 64QAM and 256QAM simultaneously for OFDM waveform;
· Support two independent 5 bit tables for 64QAM and 256QAM and reuse as many entries as possible.
5. Conclusion
In this contribution, we share our opinions about the design of TBS, CQI and MCS for NR, and we have the following proposals.
Proposal 1:
· In NR, TBS determination for the PDSCH/PUSCH should use Opt.2.  
Proposal 2:
· We prefer “” instead of a combination of “” and “” in formula.
Proposal 3:
· The CQI table in LTE can be reused by NR.
Proposal 4:
· [bookmark: _GoBack]For NR MCS table regarding different maximum modulation order, down-select from the following two options
· Support one 5bit table including 64QAM and 256QAM simultaneously for OFDM waveform;
· Support two independent 5 bit tables for 64QAM and 256QAM and reuse as many entries as possible.
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