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1	Introduction
[bookmark: _Hlk489961934]In this contribution, we share our consideration on introducing new MCS and CQI table for NR. We first review the legacy table design in LTE. Then we discuss the new technical aspects in NR we should consider on top of those we have in LTE. At the end, we propose the way to proceed with introducing new NR MCS and CQI table.  
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Lagacy LTE MCS and CQI Table Design
We found in legacy LTE table design three aspects may need further consideration and can be enhanced. 
1. Fixed reference resource assumption: in LTE, the reference resource REs was predefined, therefore the associated overhead, to calculate the spectrum efficiency/required SNR for table design, specifically 
· 3 OFDM symbols for control signaling 
· No P/S-SCH, No P-BCH, and no other overhead
· A reference PRB allocation: 4 PRB, 120 REs/PRB. 
· RS pattern for 1 TX antenna, 4 CRS ports
· Short (normal) CP
· RV0
were specified. For sure a fixed number of reference resource REs simplified the table design, performance decrease was also introduced due to the loss of flexibility to accomodate different resource allocations. 
2. Separate tables to support different maximum modulation order: in LTE, there are several tables defined to describe the mapping between CQI index and modulation/coding rate, where a table is selected according to the maximum supported modulation order. This solution might be motivated to limit CQI report bitwidth while to support the additional higher order modulations coming in future releases. For the high modulation order table, the resulted low resolutions for low SNR case my bring performance decrease.
Observation 1: Three LTE aspects can be reconsidered to enhance the MCS and CQI table design: fixed reference resource assumptions, separate entries for retransmission cases and fixed CQI report bitwdith for different maximum modulation order support. 
3	Considerations on New MCS and CQI Table for NR
As the backward compatibility is not required, we have full flexibility to design new MCS and CQI table for NR. Besides those mentioned in Section 2 which can be enhanced based on LTE tables, specifics on NR system design should be considered. Key words first come to us include various slot configuration and mini-slot, LDPC coding, 256QAM and even up to 1024QAM, DFT-s-OFDM and pi/2-BPSK for uplink, and etc. 
The coding scheme and additional modulation order support certainly impact the table design and simulations need to be performed in order to specify the SE/SNR numbers. Among all those factors we would like to call more attention to the following aspects. 
1. [bookmark: _GoBack]Various slot configurations and mini-slot: in NR several slot configurations were agreed to be supported, including the heavy downlink and uplink slot. With the introduction of mini-slot, the slot configuration in NR is even more diverse, so the fixed reference resource assumption in LTE may bring even worse performance loss for NR. A straightforward solution is to design separate tables for different configuration, however this may bring too many tables and complicate signling with increased overhead. The tradeoff between precise reference resource calculation for different slot configuration and design complexity need to be considered. One possible solution is to adopt a formula based solution and calculate TBS with MCS, number of MIMO layers and so on. 

2. High order modulation support: high order modulation support is crucial for NR as one target of the NR triangle is the high throughput MBB. With introduction of the high order modulation support in NR, the SE/SNR resolution will be further decrease if the legacy 4-bit table is reused, so 6-bit table or even more bits are needed for new table design. In addition, if we follow the design principle in LTE and design separate table for different maximum support modulation order, more tables need to be added. One possible solution is to support one integrated table (or nested) for all modulation order and limit the selectable indexes according to UE capability, the detail signalling need to be studied further. 

3. In NR, a wider range of code rates is to be expected due to the different use cases like URLLC. Some UE categories may only use LDPC base graph #2 and the maximum code rate supported by that is 2/3. Also, we may not see such use cases to operate with higher order modulations. It is possible to have nested MCS table to these aspects and worth investigating such options. In that kind of cases, 3 or 4 bit MCS field can be extracted from the mother table and TBS calculations and encoding procedures can be kept as it is without any change.
While some of the key factors call for integrated (nested) table design and other call for separate tables, the fundamental problem is to summarize all possible NR use cases and at the same time to seek in table design the best tradeoff between design/signalling complexity and performance to represent these use cases. 
Observation 2: As new waveform and new coding scheme are adopted in NR, new MCS and CQI table should be designed and all the use cases should be summarized in the new tables.  
Observation 3: Tradeoff between signalling complexity/overhead and performance need to be studied and all NR use cases should be best reflected in the tables.
Next, we consider above aspects when defining MCS tables for NR. MCS tables are provided separately, Table 1 for DL and Table 2 for UL, and the corresponding spectrum efficiency is calculated for different modulation order and coding rate. 
Table 1: MCS table for DL
	MCS Index
	Modulation order
	Code rate
	Spe. Eff.

	
	
	
	

	0
	2
	1/32
	0.06

	1
	2
	1/16
	0.13

	2
	2
	1/8
	0.25

	3
	2
	3/16
	0.38

	4
	2
	1/4
	0.50

	5
	2
	5/16
	0.63

	6
	2
	3/8
	0.75

	7
	2
	7/16
	0.88

	8
	2
	1/2
	1.00

	9
	2
	9/16
	1.13

	10
	2
	5/8
	1.25

	11
	4
	3/8
	1.50

	12
	4
	7/16
	1.75

	13
	4
	1/2
	2.00

	14
	4
	9/16
	2.25

	15
	4
	5/8
	2.50

	16
	4
	11/16
	2.75

	17
	4
	3/4
	3.00

	18
	6
	9/16
	3.38

	19
	6
	5/8
	3.75

	20
	6
	11/16
	4.13

	21
	6
	3/4
	4.50

	22
	6
	13/16
	4.88

	23
	6
	7/8
	5.25

	24
	8
	11/16
	5.50

	25
	8
	3/4
	6.00

	26
	8
	13/16
	6.50

	27
	8
	7/8
	7.00

	28
	8
	15/16
	7.50

	Reserved
	2
	
	

	
	4
	
	

	
	6
	
	



Table 2: MCS table for UL
	MCS Index
	Modulation order
	Code rate
	Spe. Eff.

	
	
	
	

	0
	2
	1/32
	0.06

	1
	2
	1/16
	0.13

	2
	2
	1/8
	0.25

	3
	1
	1/8
	0.13

	4
	2
	1/4
	0.50

	5
	2
	5/16
	0.63

	6
	2
	3/8
	0.75

	7
	2
	7/16
	0.88

	8
	2
	1/2
	1.00

	9
	1
	1/4
	0.25

	10
	2
	5/8
	1.25

	11
	4
	3/8
	1.50

	12
	4
	7/16
	1.75

	13
	4
	1/2
	2.00

	14
	4
	9/16
	2.25

	15
	4
	5/8
	2.50

	16
	4
	11/16
	2.75

	17
	4
	3/4
	3.00

	18
	6
	9/16
	3.38

	19
	6
	5/8
	3.75

	20
	6
	11/16
	4.13

	21
	6
	3/4
	4.50

	22
	6
	13/16
	4.88

	23
	6
	7/8
	5.25

	24
	8
	11/16
	5.50

	25
	8
	3/4
	6.00

	26
	8
	13/16
	6.50

	27
	8
	7/8
	7.00

	28
	8
	15/16
	7.50

	Reserved
	2
	
	

	
	4
	
	

	
	6
	
	



The proposed Tables have the nesting property and can be used to support only with base graph #2. In such cases, the number of bits in the MCS index can be 4 bit. First 16 entries of Table 1 or 2 can support only with base graph when required. To support pi/2 – BPSK, two cases in the lower code rate region are blanked. This should provide good enough flexibility required in NR use cases. We also provide the evaluations for DL as in Figure 1 by using agreed LDPC parity check matrices. Simulations assume the sum-product decoding algorithm and AWGN channel. When the block size K is below 3840 and rate 2/3 (example MCS 0~15, 18,19), LDPC base graph #2 is used, otherwise base graph #1 is used. We expect a similar behavior for larger TBS as variation of SNR with K is not significant above 2000 information block size. 
[image: ]
Figure 1. BLER vs SNR curve for DL.
Proposal 1: Proposed MCS in Table 1 and Table 2 should be supported in NR for DL and UL respectively. 
4	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]This contribution studies the LTE MCS and CQI table design principle and also propose the possible way to procced with new MCS and CQI table design for NR. 
Observation 1:Three LTE aspects can be reconsidered to enhance the MCS and CQI table design: fixed reference resource assumptions, separate entries for retransmission cases and fixed CQI report bitwdith for different maximum modulation order support. 
Observation 2: As new waveform and new coding scheme are adopted in NR, new MCS and CQI table should be designed and all the use cases should be summarized in the new tables.  
Observation 3: Tradeoff between signalling complexity/overhead and performance need to be studied and all NR use cases should be best reflected in the tables.
Proposal 1: Proposed MCS in Table 1 and Table 2 should be supported in NR for DL and UL respectively. 
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