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Introduction
For this meeting, in total 10 contributions were submitted on the aspects for CQI and MCS [1]-[10]. This contribution summarizes the views of different companies (inferred from the submitted contributions) on issues of CQI and MCS.  Note that in RAN$78 specification related to NSA are completed. However, as per chairman’s guidelines RAN1 will continue to focus on stabilizing the basic and essential features in RAN1 AH#1801. Hence we focus mainly on the essential features in this summary report.
.We describe the summary in multiple sections such as
a. Sub-band differential CQI report
b. CSI reference resource definition
c. CQI Table update
d. MCS Table update
e. CQI/MCS tables for URLLC

The summary on each of these topics is explained in separate sections below.
 Sub-band differential CQI report 
[bookmark: _Ref378529477]Regarding sub-band differential CQI reporting, there contributions pointed out the error in table 5.2.2.2-1 in TS 38.214 [2], [5], and [6]. Based on their arguments, the following proposal is agreeable.  
Proposal 1:   The following text in sub-band differential CQI should be changed in TS 38.214

	For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = wideband CQI index – sub-band CQI index (s) 
The mapping from the 2-bit wideband differential CQI values to the offset level is shown in Table 5.2.2.1-1
Table 5.2.2.1-1: Mapping spatial sub-band differential CQI value to offset level
	spatial sub-band differential CQI value
	 Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1






CSI reference resource definition 
Several companies proposed changes to the CSI reference resource definition as captured in TS 38.114.  In this section, we describe each of the sub topics related to CQI definition.
3.1   The bandwidth as configured for the PDSCH reception:  According to the current specification for deriving the CQI, the UE assumes the bandwidth equal to that of bandwidth of configured PDSCH reception. However in [10] pointed out that since the CSI report configuration indicates the bandwidth for the CQI report, the CQI definition should capture this.  Based on this argument, the following proposal is agreeable 

Proposal 2: In the CQI assumption definition, update the wording: “The bandwidth as configured for the PDSCH reception the corresponding CQI report”.

3.2   Number of OFDM symbols for PDSCH and DM-RS & PT-RS:  According to the CSI reference resource definition, TS 38.214 mentions that the number of PDSCH symbols is equal to 12.  However, since DM-RS is multiplexed with PDSCH, Intel contribution [5] suggests to clarify the multiplexing if DM-RS and PDSCH in CSI reference resource definition.  However, this issue was discussed during RAN1#91 and concluded since the DM-RS overhead is different for each rank when computing RI/PMI/CQI. Based on this it was agreed not to include DM-RS overhead as part of CSI-RS resource definition. 
Conclusion: Further discussion is needed whether to mention PDSCH+DMRS+PTRS symbols is equal to 12

3.3   PRB bundling Assumption:   According to the current CSI reference resource definition, PRB bundling size is not captured. However, [5] recommends to clarify the PRB size for CSI reference resource definition.  In our view, since the PRB size can be changed dynamically using DCI, we are not sure there is a significant impact if the UE assumes different PRB size. Hence we recommend to discuss this issue further.
Conclusion: Further discussion is needed whether the CSI reference resource definition should mention about the PRB size

3.4   Precoding for CQI calculation:  In [5], it is mentioned that the current CQI definition does not capture any information about precoding for CQI computation.  Hence they want to clarify this aspect in the CQI definition similar to LTE.  In our view RI/PMI/CQI definition is purely an implementation al aspect and standard should not dictate how the UE should compute CQI/PMI.  Hence we propose that
Proposal 3: Clarification is not needed on the precoding assumption for CQI definition 

3.5 Condition to valid CSI:  In [5], it is mentioned that several conditions are used to determine whether downlink slot is valid for CQI reporting. However current description is missing one condition to have at least one CSI-RS and CSI-IM resource transmission occasion. In addition, the rule to drop CSI reporting in the absence of the valid CSI reference resource needs further clarifications.
Conclusion: Further discussion is needed for the conditions to valid CSI 

3.6 CSI reference resource in time domain:  In [5], it is mentioned that Current TS 38.214 limits CSI-RS reference resource definition in time domain to the DL slot where aperiodic CSI request is received. However, there were no agreement in RAN1 for such definition except for the aperiodic CSI-RS, where single CSI-RS transmission is performed in the DL slot where CSI request is received. Therefore, it is proposed to limit CSI-RS reference resource definition for such case only for aperiodic CSI-RS and continue discussion on the other CSI-RS transmission cases (i.e. periodic and aperiodic CSI-RS).
Furthermore in [4], it is mentioned for reference resource definition in time domain, the value of ncqi_ref needs further discussion on its relationship with CSI calculation time. 
Conclusion: Further discussion is needed for CSI reference resource in time domain as proposed by [4] and [5] 

CQI Table Update 
Only one company proposed to update the already agreed CQI table for eMBB applications [1].  The main motivation for an update of CQI Table is that NR uses LDPC code while LTE uses turbo code for FEC and the bit-level interleaving operation is changed from sub-block interleaver to a rectangular interleaver. The characteristics and performance of these two codes may be different when combining with QAM symbols, which also impact the design of CQI/MCS tables. Hence they propose, when modulation order switches, the performance difference of the two codes results in different switch point.  Hence they propose the following CQI tables for up to 64 QAM and up to 256 QAM as in Tables 1 and 2.
[bookmark: _Ref499215196]Table 1 Corrected CQI table of 64-QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
QPSK
	378
753
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM 16QAM
	466
699

	2.7305

	11
	64QAM
16QAM
	567
851
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547



Table 2 Corrected CQI table of 256-QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
QPSK
	378
753 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM
16QAM 
	466
699 
	2.7305 

	8
	64QAM 
16QAM
	567
851 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 




In our view, this issue was discussed in the previous meetings and it was concluded not to change the CQI table. For reference, we are copying the company’s position regarding the CQI table from RAN1#91.
Option 1: Reuse the LTE CQI table for maximum modulation order of 256 QAM 
 Supported by E//, AT&T, ZTE, Intel, Nokia, ASB, LGE, Vivo, Samsung
Option 2: Don’t reuse LTE CQI table for 256 QAM 
	Supported by HW
Proposal 4: Confirm the work assumption of reusing the LTE CQI table for maximum modulation order of 256 QAM for eMBB

MCS Table Update 
Few contributions proposed updates to the MCS tables [1], [8] and [9].  The main motivation for these the better performance. We divide the MCS table updates into two categories. 
5.1 MCS table update for PDSCH and PUSCH without transform precoding:  Only one company proposed to update the already agreed MCS table for eMBB applications [1].  The main motivation for an update of CQI/MCS Table is that NR uses LDPC code while LTE uses turbo code for FEC and the bit-level interleaving operation is changed from sub-block interleaver to a rectangular interleaver. The characteristics and performance of these two codes may be different when combining with QAM symbols, which also impact the design of CQI/MCS tables. As explained in section 4, since CQI table is not updated, we prefer MCS table for PDSCH and PUSCH without transform precoding does not require MCS update. 
Proposal 5: Keep the same MCS tables for PDSCH and PUSCH without transform precoding as in TS 38.214

5.2 MCS table update for PUSCH with transform precoding:  Two companies proposed modifications to the MCS table for PUSCH with transform precoding [8]-[9].  Ericsson contribution argues that the MCS table was designed using CP-OFDM as the waveform and not with transform precoding. Hence they propose that the performance can be improved by changing the modulation order of MCS entries 17 to 19 from 64QAM to 16QAM while keeping the spectral efficiency constant. From their simulation results they show that for both small and large packets, the proposed MCS entries are superior by up to 0.8 dB.
Similarly [9] also proposes some modifications to the MCS table for PUSCH with transform precoding. Based on the discussion, we have two options

Option 1: PUSCH table with transform precoding does not require any modification
Supported by AT&T, ZTE/Sanechips
Option 2: PUSCH table with transform precoding requires modification
	Supported by E//, Nokia, ASB,
Conclusion: Further discussion is needed on these two options 

CQI and MCS Table for URLLC 
Several contributions proposed CQI/MCS table for URLLC. Even though it is part of Release 15, we feel that for this meeting this issue is not of highest priority. Hence in our view, we can discuss on this once we agree on the issues raised by companies for eMBB.
Conclusion: Further discussion is needed on CQI/MCS Tables for URLLC once all the issues related to eMBB are completed 


[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]
Conclusions
In this contribution we summarizes the company views on CQI and MCS indication for NR.
Based on our observations, we have the following proposal:
[bookmark: _Ref450342757]Proposal 1:   The following text in sub-band differential CQI should be changed in TS 38.214

	For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = wideband CQI index – sub-band CQI index (s) 
The mapping from the 2-bit wideband differential CQI values to the offset level is shown in Table 5.2.2.1-1
Table 5.2.2.1-1: Mapping spatial sub-band differential CQI value to offset level
	spatial sub-band differential CQI value
	 Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1






Proposal 2: In the CQI assumption definition, update the wording: “The bandwidth as configured for the PDSCH reception the corresponding CQI report”.

Proposal 3: Clarification is not needed on the precoding assumption for CQI definition 

Proposal 4: Confirm the work assumption of reusing the LTE CQI table for maximum modulation order of 256 QAM for eMBB

Proposal 5: Keep the same MCS tables for PDSCH and PUSCH without transform precoding as in TS 38.214
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