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Introduction
In this contribution, we introduce our view on MCS tables and CQI table for NR downlink and uplink. At RAN1#NR-AH3, the following agreement was made:
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

MCS table for PDSCH
In [1], an observation is made based in the discussion:
[bookmark: _Toc494198921]In LTE, TBSs are designed assuming fixed amount of available REs per PRB, which does not fit different transmission cases optimally. Various ad hoc fixes have been added over different release, which added implementation and testing complexity while still not address all transmission cases.
Hence, given the flexibility offered by NR, MCS and TBS determination needs to support flexible amount of PDSCH/PUSCH resources efficiently in a unified, flexible and extensible approach. Therefore, pre-calculated TBS table assuming fixed PDSCH/PUSCH resources as in LTE cannot support all use cases and is not forward compatible. 
Instead, a different approach is taken in [1], where the TBS for PDSCH is expressed by a formula as a function of the number of available REs per PRB and the code rate. An example is given in [1] as
	
	(1)
where
·  is number of layers the codeword is mapped onto
·  is the number of REs per slot/mini-slot available per PRB for carrying the PDSCH.
In (1),  is assumed to be 120 in LTE (except for the highest MCS). For NR to support various slot/mini-slot/PDSCH lengths, a more flexible framework for  is to be used. One or more of the following components can be considered:
· A default  value may be defined in specs and can be applicable to, e.g., system information, paging and random access reply transmissions. For this purpose,  or  can be considered for 14-OS slot and  can be considered for 7-OS slot.
· Some default  values for different PDSCH transmission lengths can be specified in the specification.
· The network can configure the UE to apply a specific  to the PDSCH.
· The network can configure a set of  values (e.g., four values) to the UE. The DCI then contains an index to instruct the UE to apply one of the pre-configured  value for the current PDSCH.
· If code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a  value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.
Hence, the TBS formula approach (1) supports flexible PDSCH transmission duration and use cases as TBS determination is calculated using configured and/or signalled parameters including one parameter that provides the number of REs per PRB per slot/mini-slot available for carrying the PDSCH.
[bookmark: _Ref481499378]With this approach, the MCS table then provides modulation order, , and target code rate, , instead of the TBS index  and an example is given in Table 1 below.  
Table 1 Example MCS table for NR PDSCH (The target code rates are those agreed for LTE MCS table for 256QAM support [2]).
	
MCS Index

	
Modulation order

	Code Rate


	0
	2
	120

	1
	2
	193

	2
	2
	308

	3
	2
	449

	4
	2
	602

	5
	4
	378

	6
	4
	434

	7
	4
	490

	8
	4
	553

	9
	4
	616

	10
	4
	658

	11
	6
	466

	12
	6
	517

	13
	6
	567

	14
	6
	616

	15
	6
	666

	16
	6
	719

	17
	6
	772

	18
	6
	822

	19
	6
	873

	20
	8
	682.5

	21
	8
	711

	22
	8
	754

	23
	8
	797

	24
	8
	841

	25
	8
	885

	26
	8
	916.5

	27
	8
	948

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	




[bookmark: _Toc490060798][bookmark: _Toc490124966][bookmark: _Toc494198923][bookmark: _Toc494697226]The MCS table for PDSCH describes the relation between an MCS index and the modulation order  and code rate . 
One difference between LTE and NR is that single CW is used for up to rank 4. As was agreed in RAN1#89-AH, the default DCI format (used e.g. to schedule PDSCH containing RMSI and RAR) contains only one MCS field. A UE can then be configured to search for DCI containing two MCS fields, to enable multi-CW transmission. Thus, in many cases only single MCS field will be present in DCI. It can be discussed if some of the DCI overhead saved by removing the second MCS field can be spent on increasing the granularity of the remaining MCS field, for instance by extending it to 6 bits. However, such a change should be motivated by clear performance benefit and could be studied further. 
Even if a larger MCS field size for single CW is adopted, the MCS fields size for two CWs should probably remain the same as in LTE to maintain DCI coverage. This would imply that different MCS field sizes would be used depending on the number of CWs. One can further consider if different MCS field sizes and/or MCS table entries should be used depending on UE capability. For instance, some UEs may not support 256QAM and therefore it would be wasteful to include such field entries in DCI that schedules such UEs, the MCS states could be used to improve the code rate resolution for the lower modulation states instead.
[bookmark: _Toc494198922]Different MCS table sizes and table entries depending on number of CWs and UE capability could be beneficial
If introducing different MCS tables is found to be beneficial after careful study, one approach to reduce specification and implementation complexity is to first design a “master” MCS table containing a superset of the entries in the other MCS tables, which in turn are constructed by taking different subsets of the master MCS table. For instance, a 6 bit master MCS table with uniformly spaced entries could be designed, and different 5 bit MCS tables can be created by subsampling the master table differently, for instance depending on if UE supports 256QAM or not. 
[bookmark: _Toc490124968][bookmark: _Toc494198924][bookmark: _Toc494697227]If multiple MCS tables are introduced, consider designing a master MCS table of which entries in other MCS tables are subsets
MCS table for PUSCH
In [1], a similar approach for PUSCH TBS determination based on a formula is proposed in [1]. In LTE, the redundancy version is encoded into the MCS table. NR supports asynchronous HARQ protocol for the PUSCH. We therefore propose that the redundancy version for the PUSCH to be signalled via a RV index field in the DCI separate from the MCS index field. 
Furthermore, NR PUSCH supports both OFDM and DFT-S-OFDM waveforms. One alternative to support both is to have two MCS tables for NR PUSCH. For the case of OFDM waveform, the same MCS table designed for the PDSCH can be reused for the PUSCH. For the case of DFT-S-OFDM waveform, a new MCS table should be designed to optimize the link performance. 
Such two-table solution requires slow RRC reconfiguration to switch between the two waveforms. Considering the uncertainty period after confirmation, this can be too slow. For instance, the differences between channel dispersiveness, link quality and number of layers from different TRPs may require different waveforms to be used. 
To support fast switching between OFDM and DFT-S-OFDM waveforms, it is beneficial for NR to adopt an MCS table that can address waveform options in addition to modulation orders and code rates. One such example is shown in Table 2 

[bookmark: _Toc490060799][bookmark: _Toc490124969][bookmark: _Toc494198925][bookmark: _Toc494697228]The MCS table for PUSCH describes the relation between an MCS index and the modulation order , code rate  and waveform. 
[bookmark: _Toc490060800][bookmark: _Toc490124970][bookmark: _Toc494198926][bookmark: _Toc494697229]The RV index field in the DCI is signalled separate from the MCS index field 
For , the UE reads the modulation order, , target code rate, , and the waveform for the PUSCH from MCS table using the received MCS index, .
For , the UE reads the modulation order, , from the MCS table using the received MCS index, . The UE applies the waveform determined from the DCI in the most recently received PDCCH for the same TB using . Alternatively, it can be further discussed whether the reserved entries can also specific the waveform.
[bookmark: _Ref490134447]Table 2 Example MCS table for NR PUSCH (The target code rates other than those for π/2 BPSK are those from Table 1).
	
MCS Index

	
Modulation order

	Code Rate

	Waveform

	0
	1
	100
	DFT-S-OFDM

	1
	1
	150
	DFT-S-OFDM

	2
	2
	100.00
	DFT-S-OFDM

	3
	2
	120
	OFDM

	4
	2
	130.83
	DFT-S-OFDM

	5
	2
	160.83
	DFT-S-OFDM

	6
	2
	193
	OFDM

	7
	2
	209.17
	DFT-S-OFDM

	8
	2
	256.67
	DFT-S-OFDM

	9
	2
	308
	OFDM

	10
	2
	315.83
	DFT-S-OFDM

	11
	2
	374.17
	DFT-S-OFDM

	12
	2
	438.33
	DFT-S-OFDM

	13
	2
	449
	OFDM

	14
	2
	501.67
	DFT-S-OFDM

	15
	2
	565.83
	DFT-S-OFDM

	16
	2
	602
	OFDM

	17
	2
	630.00
	DFT-S-OFDM

	18
	4
	315.00
	DFT-S-OFDM

	19
	4
	361.67
	DFT-S-OFDM

	20
	4
	378
	OFDM

	21
	4
	408.33
	DFT-S-OFDM

	22
	4
	434
	OFDM

	23
	4
	460.83
	DFT-S-OFDM

	24
	4
	490
	OFDM

	25
	4
	513.33
	DFT-S-OFDM

	26
	4
	548.33
	DFT-S-OFDM

	27
	4
	553
	OFDM

	28
	4
	582.50
	DFT-S-OFDM

	29
	4
	616
	OFDM

	30
	4
	646.25
	DFT-S-OFDM

	31
	4
	658
	OFDM

	32
	6
	466
	OFDM

	33
	4
	708.75
	DFT-S-OFDM

	34
	4
	770.00
	DFT-S-OFDM

	35
	6
	513.33
	DFT-S-OFDM

	36
	6
	517
	OFDM

	37
	6
	555.00
	DFT-S-OFDM

	38
	6
	567
	OFDM

	39
	6
	599.17
	DFT-S-OFDM

	40
	6
	616
	OFDM

	41
	6
	643.33
	DFT-S-OFDM

	42
	6
	666
	OFDM

	43
	6
	685.00
	DFT-S-OFDM

	44
	6
	719
	OFDM

	45
	6
	727.50
	DFT-S-OFDM

	46
	6
	758.33
	DFT-S-OFDM

	47
	6
	772
	OFDM

	48
	6
	822
	OFDM

	49
	6
	873
	OFDM

	50
	6
	895.33
	DFT-S-OFDM

	51
	8
	682.5
	OFDM

	52
	8
	711
	OFDM

	53
	8
	754
	OFDM

	54
	8
	797
	OFDM

	55
	8
	841
	OFDM

	56
	8
	885
	OFDM

	57
	8
	916.5
	OFDM

	58
	8
	948
	OFDM



	59
	1
	Reserved
	reserved

	60
	2
	
	

	61
	4
	
	

	62
	6
	
	

	63
	8
	
	




CQI
In LTE, there are three tables defined that describes the mapping between CQI index and the modulation and code rate. The use of a table depends on the maximum modulation constellation supported. A 4 bit CQI table is used, which means that all entries in the MCS table cannot be recommended by the UE. This can be motivated as a way to reduce CSI report overhead. 
Further, due to interference variations and feedback delay, reported CQI is not always accurate as interference situation may have changed between the time of CSI measurement and the time of PDSCH transmission. To remedy this, eNB typically applies an outer loop LA which introduces CQI offset based on HARQ-ACK feedback. Thus, having very high granularity in the CQI table may not yield better performance as CQI offset is anyway applied at eNB-side. Such interference variations, or the so-called flashlight effect, typically increases with the number of antennas implying that larger CQI offsets may be used in NR compared to LTE. On the other hand, NR may introduce faster CQI feedback (e.g. self-contained within the same slot) which would improve CQI estimation. Thus, CQI table size could be studied further taking theses aspects into account, but a starting point could be a 4bit table similar to LTE.
[bookmark: _Toc494198927][bookmark: _Toc494697230]Adopt a 4 bit CQI table in Rel.15 NR
In LTE, WB CQI for second CW is differentially encoded against WB CQI for first CW using a 3 bit table with CQI offset values. As 2 CWs are only used for rank 5 and higher in NR, it’s possible the SINR difference between layers of the first and second CW is typically larger than in LTE, implying that independent CQI for the two CWs could be beneficial. The 1 bit saved by differentially encoding the CQI is only significant when small payload container (i.e. short PUCCH) is used, which implies periodic reporting. As is discussed in our contribution on CSI reporting, one could consider limiting periodic reporting to rank < 5, implying that 2 WB CQIs are only fed back on long PUCCH and PUSCH.
[bookmark: _Toc490124972][bookmark: _Toc494198928][bookmark: _Toc494697231]Consider independent encoding of WB CQI for the two CWs
In LTE, subband CQI reports are differentially encoded against the WB CQI of the CW, using 2 bits. Subband CQI reports support frequency-selective scheduling, where different UEs can be scheduled on different subbands depending on the fading condition on each subband. The eNB translates the subband CQIs for the scheduled subbands into a wideband MCS. With the larger antenna sizes envisioned for NR, channel hardening is typically observed, meaning that channel variations across the frequency band is decreased. Thus, differential encoding of SB CQI against WB CQI with 2 bit table approach can likely be reused for NR.
The CQI is calculated assuming a CSI reference resource, where UE shall select the highest modulation and code rate (TBS size assuming the resource allocation of the CSI reference resource) that does not exceed 10% BLER. The same approach can likely be used for NR. 

Conclusions
In this contribution we made the following observations:
Observation 1	In LTE, TBSs are designed assuming fixed amount of available REs per PRB, which does not fit different transmission cases optimally. Various ad hoc fixes have been added over different release, which added implementation and testing complexity while still not address all transmission cases.
Observation 2	Different MCS table sizes and table entries depending on number of CWs and UE capability could be beneficial

Based on the discussion in this contribution we have the following key proposals:
Proposal 1	The MCS table for PDSCH describes the relation between an MCS index and the modulation order  and code rate .
Proposal 2	If multiple MCS tables are introduced, consider designing a master MCS table of which entries in other MCS tables are subsets
Proposal 3	The MCS table for PUSCH describes the relation between an MCS index and the modulation order , code rate  and waveform.
Proposal 4	The RV index field in the DCI is signalled separate from the MCS index field
Proposal 5	Adopt a 4 bit CQI table in Rel.15 NR
Proposal 6	Consider independent encoding of WB CQI for the two CWs
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