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Introduction
For this meeting, in total 4 contributions were submitted on the aspects for CQI and MCS [1]-[4]. This contribution summarizes the views of different companies (inferred from the submitted contributions) on issues of CQI and MCS. In RAN #78, NR specification related to NSA was completed. However, as per chairman’s guidelines RAN1 will continue to focus on stabilizing the basic and essential features in in RAN1#92bis. Hence in this contribution, we focus mainly on the essential features in this summary report.
We describe the summary in multiple sections such as
a. Correction to MCS table for DFT-s-OFDM and 64QAM
b. Correction on CQI calculation in CSI resource definition
c. Remaining issues in CQI Definition 
d. UE Procedures for MCS Determination

The summary on each of these topics is explained in separate sections below.
 Correction to the MCS Table for DFT-s-OFDM and 64 QAM
Since Pi/2 BPSK modulation for PUSCH is optional, it was agreed in RAN1#92 to replace the modulation entries reserved for pi/2 BPSK with a factor q where the factor q is equal to 1 when pi/2 BPSK is configured and is equal to 2, when the pi/2 BPSK is not enabled. These agreements were captured in the TS 38.214. However, there is a typo in Table 6.1.4.1-1, where MCS 28 still carries modulation order of 1. Hence if pi/2 BPSK is not configured this entry will be unused. To solve this problem [1] proposes to replace this entry with q.
Proposal 1A: Agree on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 6.1.4.1
< Unchanged parts are omitted >
 -	for MCS index 0 and 1 and 28, q=1 if UE has reported to support pi/2 BPSK modulation; and q=2 in other cases
else
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x 1024
R
	Spectral
efficiency

	0
	q
	240/q
	0.2344

	1
	q
	314/q
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4 
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	466
	2.7305

	18
	6 
	517
	3.0293

	19
	6
	567
	3.3223

	20
	6
	616
	3.6094

	21
	6
	666
	3.9023

	22
	6
	719
	4.2129

	23
	6
	772
	4.5234

	24
	6
	822
	4.8164

	25
	6
	873
	5.1152

	26
	6
	910
	5.3320

	27
	6
	948
	5.5547

	28
	1q
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


< Unchanged parts are omitted >



In addition, Qualcomm mentioned that TS 38.214 didn’t mention about the configuration of q and they propose a text proposal on this.
Proposal 1B: Agree on the following text proposal:

	Text proposals for TS 38.214 v15.0.0 Section 6.1.4.1
-     for MCS index 0,1 and 28 q is configurable by higher layer parameter PUSCH-tp-Qmin depending on whether UE is capable of pi/2 BPSK modulation; if this has not been configured then q is assumed to be 2





Correction on CQI Calculation in CSI Resource Definition
[bookmark: _Ref378529477]Contribution [3] and [4] proposes few text corrections in TS 38.214. In our view they are valid and easily agreeable.
Proposal 2: Additional Discussion is needed on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 5.2.2.1
< Unchanged parts are omitted >
If a UE is configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CSI CQI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
< Unchanged parts are omitted >



Proposal 3: Agree on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 5.2.2.1.1
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PDSCH and DM-RS symbols is equal to 12.
-	The same bandwidth part subcarrier spacing configured as for the PDSCH reception
-	The bandwidth as configured for the corresponding CQI report.
-	The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception 
-	No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0.
-	The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Subclause 4.1.
-	Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.
-	Assume the same number of front loaded DM-RS symbols as the maximum front-loaded symbols configured by the higher layer parameter DL-DMRS-max-len. 
-	Assume the same number of additional DM-RS symbols as the additional symbols configured by the higher layer parameter DL-DMRS-add-pos.
-	Assume the PDSCH symbols are not containing DM-RS.
-	Assume no PT-RS overhead.
-	Assume PRB bundling size of 2 PRBs.
-	The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed with up to 8 transmission layers as defined in Subclause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000,...,1000 1008+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…,3000+P-1], as given by

where  is a vector of PDSCH symbols from the layer mapping defined in Subclause 7.3.1.4 of [4, TS 38.211],  is the number of CSI-RS ports. If only one CSI-RS port is configured, W(i) is 1, otherwise W(i) is the precoding matrix corresponding to the reported PMI applicable to x(i). The corresponding PDSCH signals transmitted on antenna ports [3000,…,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Subclause 4.1.


Remaining Issues in CQI Definition
Contribution [1], raises some questions regarding the CQI definition in TS 38.214. Their main argument is that the standard didn’t define the target code rate as it might imply code rate of the transport block or it can imply code rate of the codeblock. Hence they recommend to remove the target code rate phrase form the CQI definition. However from 3G/4G onwards, it is well understood that the UE computes the CQI based on the transport block code rate and our view there is no need to clarify code rate. 
Conclusion 1:  No update is required regarding the target code rate in the CQI definition
Another issue brought by [1], is regarding the CSI resource definition. The main argument is that since non-PMI based PDSCH is also supported they would like to condition the CSI resource definition only when the UE is configured with a CSI-ReportConfig with the higher layer parameter ReportQuatity set to ‘CRI/RI/PMI/CQI’ or CRI/RI/LI/PMI/CQI’. However, in our view even when the UE reports PMI, the gNB can always change the PMI as the DM-RS is precoded with.  However, E// also recommends to add some clarification regarding this. Hence the following text proposal is agreeable
Proposal 4: Agree on the following text proposal
	Text proposals for TS 38.214 v15.0.0 Section 5.2.2.1
[bookmark: _Toc505848942]------------------------------------------------------Start text proposal-----------------------------------------------------------
5.2.2.1.1 CSI reference resource definition
-	the PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed with up to 8 transmission layers as defined in Subclause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000 1008+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000 3000+P-1], as given by




where  is a vector of PDSCH symbols from the layer mapping defined in Subclause 7.3.1.4 of [4, TS 38.211],  is the number of CSI-RS ports. If only one CSI-RS port is configured, W(i) is 1,. otherwise If the higher layer parameter reportQuantity for the CSI-ReportConfig for which the CQI is reported is set to either ‘CRI/RI/PMI/CQI’ or ‘CRI/RI/LI/PMI/CQI’  W(i) is the precoding matrix corresponding to the reported PMI applicable to x(i). If the higher layer parameter reportQuantity for the CSI-ReportConfig for which the CQI is reported is set to ‘CRI/RI/CQI’ W(i) is an identity matrix. If the higher layer parameter reportQuantity for the CSI-ReportConfig for which the CQI is reported is set to ‘CRI/RI/i1/CQI’, W(i) is the precoding matrix corresponding to the reported i1 according to the procedure described in Subclause 5.2.1.4. The corresponding PDSCH signals transmitted on antenna ports [3000,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Subclause 4.1.
--------------------------------------------------------End text proposal----------------------------------------------------------






UE Procedures for MCS Determination
Contribution [2] recommends to restrict the MCS configuration for DCI format1_0 to 64 QAM.  Their main argument is that DCI format1_0 is used as a fall back operation. They claim that gNB can’t realize the exact timing of RRC reconfiguration, misunderstanding on current configuration can occur during the RRC reconfiguration.  However, from the text [2], we don’t see any mismatch for RRC reconfiguration. However majority of the companies preferred default MCS configuration for  DCI format 1_0 and DCI_format 0_0.
Proposal 5:   For PDSCH scheduled by DCI format 1_0, UE assumes the default 64 QAM table regardless of RRC configuration

Proposal 6:   For PUSCH scheduled by DCI format 0_0, UE assumes the default 64 QAM table regardless of RRC configuration

Similarly [2] recommends to limit the usage of 256 QAM for RNTIs other than C-RNTI.  In our view, the specification, is not broken with the current text in the specification, however few majority of companies preferred to limit the default MCS configuration to 64 QAM. Hence the following proposals are agreeable.
Proposal 7:   For PDSCH scheduled with other RNTIs than C-RNTI & CS-RNTI, UE assumes 64 QAM table not 256 QAM table. 

Proposal 8:  For PUSCH scheduled with other RNTIs than C-RNTI & CS-RNTI, UE assumes 64 QAM table not 256 QAM table. 


[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:
Proposal 1A: Agree on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 6.1.4.1
< Unchanged parts are omitted >
 -	for MCS index 0 and 1 and 28, q=1 if UE has reported to support pi/2 BPSK modulation; and q=2 in other cases
else
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x 1024
R
	Spectral
efficiency

	0
	q
	240/q
	0.2344

	1
	q
	314/q
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4 
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	466
	2.7305

	18
	6 
	517
	3.0293

	19
	6
	567
	3.3223

	20
	6
	616
	3.6094

	21
	6
	666
	3.9023

	22
	6
	719
	4.2129

	23
	6
	772
	4.5234

	24
	6
	822
	4.8164

	25
	6
	873
	5.1152

	26
	6
	910
	5.3320

	27
	6
	948
	5.5547

	28
	1q
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


< Unchanged parts are omitted >



Proposal 1B: Agree on the following text proposal:

	Text proposals for TS 38.214 v15.0.0 Section 6.1.4.1
-     for MCS index 0,1 and 28 q is configurable by higher layer parameter PUSCH-tp-Qmin depending on whether UE is capable of pi/2 BPSK modulation; if this has not been configured then q is assumed to be 2



[bookmark: _GoBack]
Proposal 2: Additional Discussion is needed on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 5.2.2.1
< Unchanged parts are omitted >
If a UE is configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CSI CQI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
< Unchanged parts are omitted >



Proposal 3: Agree on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 5.2.2.1.1
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PDSCH and DM-RS symbols is equal to 12.
-	The same bandwidth part subcarrier spacing configured as for the PDSCH reception
-	The bandwidth as configured for the corresponding CQI report.
-	The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception 
-	No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0.
-	The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Subclause 4.1.
-	Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.
-	Assume the same number of front loaded DM-RS symbols as the maximum front-loaded symbols configured by the higher layer parameter DL-DMRS-max-len. 
-	Assume the same number of additional DM-RS symbols as the additional symbols configured by the higher layer parameter DL-DMRS-add-pos.
-	Assume the PDSCH symbols are not containing DM-RS.
-	Assume no PT-RS overhead.
-	Assume PRB bundling size of 2 PRBs.
-	The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed with up to 8 transmission layers as defined in Subclause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000,...,1000 1008+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…,3000+P-1], as given by
[image: ]
where [image: ] is a vector of PDSCH symbols from the layer mapping defined in Subclause 7.3.1.4 of [4, TS 38.211], [image: ] is the number of CSI-RS ports. If only one CSI-RS port is configured, W(i) is 1, otherwise W(i) is the precoding matrix corresponding to the reported PMI applicable to x(i). The corresponding PDSCH signals transmitted on antenna ports [3000,…,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Subclause 4.1.



Proposal 4: Agree on the following text proposal
	Text proposals for TS 38.214 v15.0.0 Section 5.2.2.1
------------------------------------------------------Start text proposal-----------------------------------------------------------
5.2.2.1.1 CSI reference resource definition
-	the PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed with up to 8 transmission layers as defined in Subclause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000 1008+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000 3000+P-1], as given by




where  is a vector of PDSCH symbols from the layer mapping defined in Subclause 7.3.1.4 of [4, TS 38.211],  is the number of CSI-RS ports. If only one CSI-RS port is configured, W(i) is 1,. otherwise If the higher layer parameter reportQuantity for the CSI-ReportConfig for which the CQI is reported is set to either ‘CRI/RI/PMI/CQI’ or ‘CRI/RI/LI/PMI/CQI’  W(i) is the precoding matrix corresponding to the reported PMI applicable to x(i). If the higher layer parameter reportQuantity for the CSI-ReportConfig for which the CQI is reported is set to ‘CRI/RI/CQI’ W(i) is an identity matrix. If the higher layer parameter reportQuantity for the CSI-ReportConfig for which the CQI is reported is set to ‘CRI/RI/i1/CQI’, W(i) is the precoding matrix corresponding to the reported i1 according to the procedure described in Subclause 5.2.1.4. The corresponding PDSCH signals transmitted on antenna ports [3000,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Subclause 4.1.
--------------------------------------------------------End text proposal----------------------------------------------------------





Proposal 5:   For PDSCH scheduled by DCI format 1_0, UE assumes the default 64 QAM table regardless of RRC configuration

Proposal 6:   For PUSCH scheduled by DCI format 0_0, UE assumes the default 64 QAM table regardless of RRC configuration

Proposal 7:   For PDSCH scheduled with other RNTIs than C-RNTI & CS-RNTI, UE assumes 64 QAM table not 256 QAM table. 

Proposal 8:  For PUSCH scheduled with other RNTIs than C-RNTI & CS-RNTI, UE assumes 64 QAM table not 256 QAM table.
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