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1. Introduction
In NR, CQI/MCS table design and the associated CQI reporting have been first discussed in RAN1#90. At least the following open issues need to be addressed.
-	CQI/MCS table design based on LDPC
-	UE assumptions for CQI derivation
-	CSI reference resource definition
[bookmark: _GoBack]In RAN1 NR AdHoc#3, the following agreement is achieved.
· [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 discuss the above design aspects on NR CQI reporting and MCS indication.
2. Discussion on NR CQI report
Number of CQI tables
The agreement is Section 1 gives high-level principle on CQI table design. According to the principle, at least two options can be identified:
-	Opt-1: Design multiple CQI tables for various scenarios
-	Opt-2: Design one unified CQI table for various scenarios
Opt-1 is legacy LTE approach. Two tables are designed for achieving higher data rate in low power small cell and ensuring coverage in scenarios like macro cell, respectively. This option would simplify signaling design as a simple RRC signaling is often sufficient for selecting the  CQI table.  To support scenarios which switching between macro and small cell or interference coordination is needed, it is desirable to support multiple CQIs based on different CQI tables by per subframe set CQI table configuration. 
If Opt-2 is adopted, different scenarios would use the entire or subsets of the entries in the unified table. The subset can be configured via bitmap or a range of codepoints. This would cause more standardization effort on complicated signaling design. In fact, Opt-2 would achieve same effect as Opt-1 with more complex signaling design. Thus we prefer Opt-1 than Opt-2. 
Proposal 1: NR supports at least two CQI tables for up to 64QAM and 256QAM, respectively.
-	The CQI table is selected by RRC signaling per subframe set.
The next question is how to design CQI tables for up to 64QAM and 256QAM. In LTE, 256QAM table is obtained by removing several even entries of lower modulation, e.g., QPSK, and adding 256QAM entries in 64QAM table. As 256QAM is targeted for small cell coverage and 64QAM is targeted for macro cell coverage, CQI quantization accuracy for lower modulation in 256QAM table is not necessarily to be the same as which in 64QAM table. Relaxing CQI accuracy for lower modulation in 256QAM table helps to fit the final overhead of 256QAM into 4 bits. Some common entries in these two tables help to reduce specification effort and UE implementation complexity. Hence LTE approach for CQI table design can be the baseline in NR. 
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Fig 1 Simulation results on SNR-SE for turbo and LDPC
Further, the SNR-SE curve for LDPC is different from turbo code. In LTE, CQI table is constructed from sampling SNR-SE curve at 10% BLER based on uniformly incremental SNR. As detailed SNR-SE curve changes, detailed code rate or SE values need to be adjusted a bit for LDPC.
We run a simulation to show how SNR-SE curve changes between LDPC and turbo code. Simulation results are shown in Fig. 1(a) and 1(b) for up to 64QAM and 256QAM, respectively. Small gap between LDPC curve and turbo curve can be observed. By adjusting SE values slightly based on the LDPC curve, we have the following two CQI tables for up to 64QAM and 256QAM.
Table 1 CQI Table for up to 64QAM
	CQI Index
	Modulation
	CodeRate*1024
	SE
	SNR

	1
	2
	97
	0.1889
	-6.77

	2
	2
	148
	0.2889
	-5.04

	3
	2
	228
	0.4444
	-3.16

	4
	2
	330
	0.6444
	-1.38

	5
	2
	466
	0.9111
	0.50

	6
	2
	626
	1.2222
	2.45

	7
	4
	398
	1.5556
	4.36

	8
	4
	512
	2
	6.20

	9
	4
	537
	2.4889
	8.08

	10
	6
	485
	2.8444
	9.95

	11
	6
	592
	3.4667
	11.95

	12
	6
	683
	4
	13.69

	13
	6
	789
	4.6222
	15.65

	14
	6
	880
	5.1556
	17.40

	15
	6
	956
	5.6
	19.52


Table 2 CQI Table for up to 256QAM
	CQI Index
	Modulation
	CodeRate*1024
	SE
	SNR

	1
	2
	97
	0.1889
	-6.77

	2
	2
	228
	0.4444
	-3.16

	3
	2
	466
	0.9111
	0.50

	4
	4
	398
	1.5556
	4.36

	5
	4
	512
	2
	6.20

	6
	4
	637
	2.4889
	8.08

	7
	6
	485
	2.8444
	9.95

	8
	6
	592
	3.4667
	11.95

	9
	6
	683
	4
	13.69

	10
	6
	789
	4.6222
	15.65

	11
	6
	880
	5.1556
	17.40

	12
	8
	717
	5.6
	19.12

	13
	8
	808
	6.3111
	21.17

	14
	8
	899
	7.0222
	23.32

	15
	8
	954
	7.451
	25.06


Proposal 2: Use LTE approach as the baseline to design CQI tables in NR, and detailed SE values need to be adjusted slightly for LDPC. Adopt Table 1 and Table 2 for CQI tables up to 64QAM and 256QAM, respectively.

UE assumptions for CQI calculation
In LTE, CQI is derived based on CSI reference resource and some assumptions on data transmission by UE. UE identifies CSI reference resource based on the timing condition of the associated CSI reporting. Then some parameters used for CSI reporting, e.g., number of symbols in a subframe depending on the reference resource is a special subframe or a normal subframe. On the other hand, UE assumes some other parameters for data transmission, e.g., resources used for PDCCH, number of REs occupied by RS and so on. Moreover, the target BLER of LTE CQI selection is 0.1 for one TB size.
In NR, some new design aspects appear. One critical issue is NR needs to support various types of service. For NR phase I, at least URLLC and eMBB need to be supported in NR. 
For URLLC, BLER target should be lower than 0.1. To achieve CQI targeting BLER lower than 0.1, one simple approach is that gNB compensates MCS based on UE’s CQI reporting targeting 0.1 BLER. However, performance of this implementation solution is difficult to be guaranteed as gNB cannot acquire information like interference and UE’s receiver. As UE can acquire the entire channel and interference better than gNB, a better solution is that UE derives CQI based on a target BLER lower than 0.1. Hence for CQI derivation, gNB can configure UE to report CQI based on the target BLER.
Another issue related to URLLC is NR would support both slot-based and mini-slot based transmission. For slot-based transmission, number of OFDM symbols per slot can be 7 or 14, whereas number of symbols per mini-slot can be  2-14. If the number of symbols in the reference resource is too small, CQI derived from reference resource cannot reflect preferred MCS and TB size for normal number of symbols per slot, and vice versa. That’s why in LTE, the length of DwPTS should be larger than 7680Ts if the CSI reference resource is a special subframe. One approach to solve this issue in NR is that gNB configures the number of symbols per slot to UE for CQI derivation. Then gNB can configure CQI reporting based on its potential need for data scheduling.  This makes it decoupled with the number of symbols in CSI reference resource. Moreover, a set of numbers of symbols can be configured to UE in one or more report settings, and DCI is used to trigger one in each aperiodic CQI reporting.
Overhead of RS in CSI reference resource also needs to be taken into account for CQI derivation. In LTE, overhead of CRS, CSI-RS and UE-specific RS depends on transmission mode based on some complex rules lacking flexibility. If we adopt similar approach in NR, more complicated results would be drawn as we have UE-specific configuration on CSI-RS, DMRS, PTRS and TRS, and transmission scheme can be transparently and dynamically changed. One simple and flexible approach is that gNB configures overall rate matching patterns to UE for CQI derivation. Multiple configurations are possible in one or more report settings, and gNB can trigger one configuration for aperiodic CSI reporting.
Proposal 3: Support gNB configuration of at least the following parameters to UE for NR CQI derivation, FFS signaling details
-	Target BLER,
-	Rate matching pattern,
-	Number of DL symbols per slot.
3. MCS indication
In LTE, 5-bit MCS tables are designed based on corresponding CQI tables indicating modulation and TBS index. TB size can be inferred via TBS index indicated in MCS and NPRB indicated in RA. 
Similar design can be applied on NR. Each MCS table should correspond to one CQI table. Hence at least two MCS tables need to be defined. For the MCS table supporting up to 64QAM, 3 codepoints are reserved for re-transmission, whereas 4 codepoints are reserved for up to 256QAM. The other 28 or 29 codepoints can be inherited directly or derived with average SE from the corresponding CQI table. 
Further, MCS indications of both initial transmission and re-transmission are contained in the 5-bit table. Take MCS table supporting up to 256QAM as an example. The first 28 codepoints are used for indicating modulation and TBS index. These codepoints are typically used for initial transmission. The last 4 codepoints are used for indicating modulation for re-transmission, and UE shall assume same TBS as the corresponding initial transmission. As NACK and DTX can be jointly encoded and reported by UE in multi-CC use cases, gNB can choose to indicate one of the first 28 codepoints for re-transmission, which can be transparent for UE, or one of the last 4 codepoints reserved for re-transmission. 
The above design principles should be inherited in NR. Based on these principles, the derived MCS tables are shown in Table 3 and 4.
Table 3 MCS Table for up to 64QAM
	MCS Index
	Modulation Order
	Modulation Order
	TBS Index
	SE

	
	
	
	
	

	0
	2
	2
	0
	0.2889

	1
	2
	2
	1
	0.3667

	2
	2
	2
	2
	0.4444

	3
	2
	2
	3
	0.5444

	4
	2
	2
	4
	0.6444

	5
	2
	4
	5
	0.7778

	6
	2
	4
	6
	0.9111

	7
	2
	4
	7
	1.0667

	8
	2
	4
	8
	1.2222

	9
	2
	4
	9
	1.3889

	10
	4
	6
	9
	1.3889

	11
	4
	6
	10
	1.5556

	12
	4
	6
	11
	1.7778

	13
	4
	6
	12
	2.0000

	14
	4
	6
	13
	2.2445

	15
	4
	6
	14
	2.4889

	16
	4
	6
	15
	2.6667

	17
	6
	6
	15
	2.6667

	18
	6
	6
	16
	2.8444

	19
	6
	6
	17
	3.1556

	20
	6
	6
	18
	3.4667

	21
	6
	6
	19
	3.7334

	22
	6
	6
	20
	4.0000

	23
	6
	6
	21
	4.3111

	24
	6
	6
	22
	4.6222

	25
	6
	6
	23
	4.8889

	26
	6
	6
	24
	5.1556

	27
	6
	6
	25
	5.3778

	28
	6
	6
	26/26A
	5.6000

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	


Table 4 MCS Table for up to 256QAM
	MCS Index
	Modulation Order
	Modulation Order
	TBS Index
	SE

	
	
	
	
	

	0
	2
	2
	0
	0.2889

	1
	2
	2
	2
	0.4444

	2
	2
	2
	4
	0.6778

	3
	2
	4
	6
	0.9111

	4
	2
	4
	8
	1.2334

	5
	4
	6
	10
	1.5556

	6
	4
	6
	11
	1.7778

	7
	4
	6
	12
	2.0000

	8
	4
	6
	13
	2.2445

	9
	4
	6
	14
	2.4889

	10
	4
	8
	15
	2.6667

	11
	6
	8
	16
	2.8444

	12
	6
	8
	17
	3.1556

	13
	6
	8
	18
	3.4667

	14
	6
	8
	19
	3.7334

	15
	6
	8
	20
	4.0000

	16
	6
	8
	21
	4.3111

	17
	6
	8
	22
	4.6222

	18
	6
	8
	23
	4.8889

	19
	6
	8
	24
	5.1556

	20
	8
	8
	25
	5.3778

	21
	8
	8
	27
	5.6000

	22
	8
	8
	28
	5.9556

	23
	8
	8
	29
	6.3111

	24
	8
	8
	30
	6.6667

	25
	8
	8
	31
	7.0222

	26
	8
	8
	32
	7.2366

	27
	8
	8
	33/33A
	7.4510

	28
	2
	2
	reserved

	29
	4
	4
	

	30
	6
	6
	

	31
	8
	8
	


Proposal 4: LTE design on MCS tables is the baseline for NR MCS table design. Adopt Table 3 and Table 4 for MCS tables up to 64QAM and 256QAM, respectively.
The motivation to separate CQI tables and MCS tables is identical, i.e., to ensure coverage or enhance small cell transmission. The selection of CQI tables and MCS tables should use the same RRC parameter. This is also the LTE approach to do MCS/CQI table configuration. It should be inherited in NR.
Proposal 5: In NR, CQI and MCS table selection is configured with the same RRC parameter.
For the indication of MCS/RV/NDI, some combination of MCS and RV are not useful since lower MCS requires less number of RV. Therefore, information of at least MCS and RV should be indicated jointly.  In addition, number of MCS fields depends on the number of layers and hence the number of DMRS ports. In order to reduce DCI overhead, joint encoding of DM-RS information and MCS/RV can be considered.  Dynamic changing in full range of number of layers and MCS is often not needed.  It is beneficial to configure the necessary range of MCS and number of layers more flexibly according to the need. This can be configured under transmission setting as described in our companion contribution[3].
Proposal 6: Joint indication of MCS and RV is supported. Selective combination of MCS/RV and DMRS information can be configured jointly in transmission setting.   
4. Conclusions
In this contribution, we discuss several aspects on CQI reporting in NR involving CQI table design and UE assumption for CQI derivation. Based on the discussion, we have the following proposals.
Proposal 1: NR supports at least two CQI tables for up to 64QAM and 256QAM, respectively.
-	The CQI table is selected by RRC signaling per subframe set. 
Proposal 2: Use LTE approach as the baseline to design CQI tables in NR, and detailed SE values need to be adjusted slightly for LDPC. Adopt Table 1 and Table 2 for CQI tables up to 64QAM and 256QAM, respectively.
Proposal 3: Support gNB configuration of at least the following parameters to UE for NR CQI derivation, FFS signaling details
-	Target BLER,
-	Rate matching pattern,
-	Number of DL symbols per slot.
Proposal 4: LTE design on MCS tables is the baseline for NR MCS table design. Adopt Table 3 and Table 4 for MCS tables up to 64QAM and 256QAM, respectively.
Proposal 5: In NR, CQI and MCS table selection is configured with the same RRC parameter.
Proposal 6: Joint indication of MCS and RV is supported. Selective combination of MCS/RV and DMRS information can be configured jointly in transmission setting. 
5. References 
[1] Chairman’s notes, 3GPP RAN1#89
[bookmark: _Ref490230658][2] Chairman’s notes, 3GPP RAN1#88bis
[3] R1-1715437, “On Transmission Setting”, ZTE, Sanechips


CQI_Table1, AWGN, BLER=10%, LDPC flooding BP Iter50  
vs. Turbo max-Log-MAP Iter8
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Spectral Efficiency



CQI_Table2, AWGN, BLER=10%, LDPC flooding BP Iter50  
vs. Turbo max-Log-MAP Iter8
LDPC_QPSK	-6.76541591256316	-3.1587373824519	0.503909752440853	0.1889	0.4444	0.9111	LDPC_16QAM	4.35789819376026	6.19854746417567	8.07846327250053	1.5556	2.0	2.4889	LDPC_64QAM	9.95156639615541	11.9526956053853	13.6928249837867	15.6548234836135	17.4019597030752	2.8444	3.4667	4.0	4.622199999999998	5.1556	LDPC_256QAM	19.1156500959288	21.1702448658876	23.3171792723091	25.05832386614988	5.6	6.3111	7.0222	7.451	Turbo_QPSK	-6.92913249452396	-3.12100018638794	0.520393894194736	0.1556	0.3889	0.8667	Turbo_16QAM	4.33797341811566	6.25864201680672	8.19775353361638	1.4667	1.9111	2.4	Turbo_64QAM	10.0161919338846	11.8782153603129	13.6754756172402	15.6356175378415	17.5337536504817	2.7111	3.2889	3.8222	4.4444	5.0667	Turbo_256QAM	19.3549321524795	21.17653604230128	23.1643506551959	25.0646016214705	5.5111	6.1333	6.844399999999998	7.3725	SNR(dB)

Spectral Efficiency



