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Introduction
In this contribution, we discussion corrections and remaining details for CQI and MCS, as well as the remaining issue on the definition of the CSI reference resource.

Corrections on MCS table
The MCS index table for PUSCH with transform precoding and 64QAM from 38.214 v15.0.0 Table 6.14.1-1 is shown below.
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
	1
	240
	0.2344

	1
	1
	314
	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
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



This table was produced from the LTE PDSCH table, i.e., the table was designed for OFDM. For LTE PUCH which uses DFT-s-OFDM, the MCS table was in fact modified to better accommodate the differences between DFT-s-OFDM and OFDM. Compared to OFDM, DFT-s-OFDM provides less diversity in the channel condition experienced by the coded bits. Thus For DFT-s-OFDM, it is not necessary to use codes with lower coding rates to harvest the channel diversity, and lower order modulations with higher coding rates are more often preferred over higher order modulations with lower coding rates.
Specific to the NR PUSCH MCS tables, it’s found 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. The simulation results in Figure 1-2 below confirms this. In  the simulation study, both 4 PRB and 55 PRB resource allocations are checked, for small and large packet sizes, respectively. The simulation results demonstrate that for both small and large packets, the proposed MCS entries are superior by up to 0.8 dB.
The same entries appear in the table used for 256QAM with transform precoding. This table is the same as without transform precoding (Table 5.1.3.1-2), so this table needs to be copied to the corresponding Section before changing the entries.
[image: ]
[bookmark: _Ref503547587]Figure 1: PUSCH simulation for MCS 17-19 in 64QAM table
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[bookmark: _Ref503547596]Figure 2: PUSCH simulation for MCS 17-19 in 64QAM table
[bookmark: _Toc503560530]Performance can be improved by changing the modulation order of MCS entries 17-19 from 16-QAM to QPSK while scaling the rate to keep the spectral efficiency constant.
We therefore have the following proposal:
[bookmark: _Toc503560532]Incorporate the text proposal, which improves BLER performance while keeping the spectral efficiency of the current tables the same:

For 38.214 Sub-clause 6.1.4.1:
Changes are marked in red, Table 6.1.4.1-2 is a copy of Table 5.1.3.1-2 with some entries updated. The updated entries are highlighted in green.
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
For the PUSCH is assigned by a DCI format 0_0/0_1 with CRC scrambled by C-RNTI,
If the higher layer parameters PUSCH-tp is disabled and MCS-Table-PUSCH is not set to '256QAM', 
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the higher layer parameters PUSCH-tp is disabled and MCS-Table-PUSCH is set to '256QAM',
-	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.
elseif the higher layer parameters PUSCH-tp is enabled and MCS-Table-PUSCH-transform-precoding is not set to '256QAM',
-	the UE shall use IMCS and Table 6.1.4.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-2 Table 6.1.4.1-2 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
	1
	240
	0.2344

	1
	1
	314
	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 4
	466 699
	2.7305

	18
	6 4 
	517 775.5
	3.0293

	19
	6 4
	567 850.5
	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
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved



Table 6.1.4.1-2: MCS index table 2 for PUSCH with transform precoding and 256QAM
	MCS Index
IMCS 
	Modulation Order
 Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	193
	0.3770

	2
	2
	308
	0.6016

	3
	2
	449
	0.8770

	4
	2
	602
	1.1758

	5
	4
	378
	1.4766

	6
	4
	434
	1.6953

	7
	4
	490
	1.9141

	8
	4
	553
	2.1602

	9
	4
	616
	2.4063

	10
	4
	658
	2.5703

	11
	4
	699
	2.7305

	12
	4
	775.5
	3.0293

	13
	4
	850.5
	3.3223

	14
	6
	616
	3.6094

	15
	6
	666
	3.9023

	16
	6
	719
	4.2129

	17
	6
	772
	4.5234

	18
	6
	822
	4.8164

	19
	6
	873
	5.1152

	20
	8
	682.5
	5.3320

	21
	8
	711
	5.5547

	22
	8
	754
	5.8906

	23
	8
	797
	6.2266

	24
	8
	841
	6.5703

	25
	8
	885
	6.9141

	26
	8
	916.5
	7.1602

	27
	8
	948
	7.4063

	28
	2
	reserved

	29
	4
	reserved

	30
	6
	reserved

	31
	8
	reserved



>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>
CSI reference resource
The CSI reference resource is currently defined in TS38.214 according to:
[bookmark: _Hlk497821946][bookmark: _Hlk497822531]“The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
[bookmark: _Hlk497896664]-	In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource is defined by a single downlink slot n-nCQI_ref,
-	where for periodic and semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to [TBD], such that it corresponds to a valid downlink slot. 
[bookmark: _Hlk497823914]-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to [TBD], such that slot n-nCQI_ref corresponds to a valid downlink slot. 
[bookmark: _Hlk497830446]A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it is configured as a downlink slot for that UE, and
-	it does not fall within a configured measurement gap for that UE. and
-	the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed.
If there is no valid downlink slot for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n.
When deriving CSI feedback, the UE is not expected that a non-zero power CSI -RS resource for channel measurement overlaps with CSI-IM resource for interference measurement or non-zero power CSI -RS resource for interference measurement.
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling
-	The number of PDSCH symbols is equal to 12.
-	The bandwidth part subcarrier spacing configured for the PDSCH reception
-	The bandwidth as configured for the PDSCH reception
-	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 CSI-RS and zero-power 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.
-	The PDSCH transmission scheme where the UE may assume that the gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports [1000-1011] as defined in Subclause 7.3.1.4 of [4, TS 38.211]. 
“
The following open issues remain:
· There are references to “a single CSI resource set”, it’s unclear what this refers to. In LTE, UE can be configured with two subframe sets, but no such agreement exists for NR
· The time location of the CSI reference resource is TBD
· Overhead assumption for the CSI reference resource does not mention PTRS overhead assumption
Time location of CSI reference resource
The UE shall report CSI so that it accurately reflects the channel state at the time location of the CSI reference resource. This essentially gives a requirement on CSI processing time for the UE as it has to be able to measure a CSI-RS and/or CSI-IM occurring in a slot which in the “worst” case may be the CSI reference resource itself, calculate the CSI and report it nCQI_ref slots later at slot n. In LTE, the CSI reference resource in most cases occurs nCQI_ref=4 slots prior to the slot where the CSI report is transmitted.
The time location of the CSI reference resource is thus related to the UE CSI processing time Z, as defined in the email discussion [91-NR-06], which is given per CSI category and numerology. As there is such a relation, it is improper to use a fixed value of nCQI_ref, such as 4, as is done in LTE. At least, the value should be numerology-dependent. RAN1 should therefore consider if nCQI_ref should be made a configurable parameter.
[bookmark: _Toc503560533]Consider making the time location of the CSI reference resource relative the CSI reporting occasion configurable
PTRS overhead assumptions for the CSI reference resource
The current definition of the CSI reference resource contains overhead assumptions for SS/PBCH blocks, NZP CSI-RS, ZP CSI-RS and DMRS. However, the PTRS overhead assumption is missing.
According to TS 38.214, if a UE is configured with the higher layer parameter DL-PTRS-present and if the additional higher layer parameters DL-PTRS-time-density and DL-PTRS-frequency-density are configured, the UE may assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth, otherwise the UE may assume that PT-RS is present in every OFDM symbol and in every second PRB. It is probably too complicated to have PTRS overhead in the CSI reference resource depend on the CQI and the RRC configured thresholds ptrs-MCSX. It should be enough to use the default PTRS densities that are used if DL-PTRS-time-density and DL-PTRS-frequency-density are not configured. Also, only a single PTRS port can be assumed for simplicity. If the UE is not configured with PTRS, no PTRS overhead shall be assumed in the CSI reference resource.
[bookmark: _Toc503560534]Incorporate the following text proposal:
For 38.214 Subclause 5.2.2.1.1:
>>>>>>>>>>>> Start text proposal 2 >>>>>>>>>>>>
In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling
-	The number of PDSCH symbols is equal to 12.
-	The bandwidth part subcarrier spacing configured for the PDSCH reception
-	The bandwidth as configured for the PDSCH reception
-	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 CSI-RS and zero-power 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.
-	If DL-PTRS-present is configured, the UE assume one PTRS port is allocated in every OFDM symbol and in every second PRB, otherwise the UE assumes no REs are allocated for PTRS.
-	Assume the PDSCH symbols are not containing DM-RS.
-	The PDSCH transmission scheme where the UE may assume that the gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports [1000-1011] as defined in Subclause 7.3.1.4 of [4, TS 38.211]. 
>>>>>>>>>>>> End text proposal 2 >>>>>>>>>>>>

Conclusions
In this contribution, we made the following observations:
Observation 1	Performance can be improved by changing the modulation order of MCS entries 17-19 from 16-QAM to QPSK while scaling the rate to keep the spectral efficiency constant.


We make the following additional proposals:
Proposal 1	Incorporate the text proposal, which improves BLER performance while keeping the spectral efficiency of the current tables the same:
Proposal 2	Consider making the time location of the CSI reference resource relative the CSI reporting occasion configurable
Proposal 3	Incorporate the following text proposal:

[bookmark: _In-sequence_SDU_delivery]Appendix
Simulation assumptions
	Number of PRBS
	4 or 55

	Number of OFDM symbols/slot
	14

	DMRS overhead
	2 OFDM symbols

	Channel estimation
	Ideal

	Channel model
	TDL-A 3km/h 300ns delay spread

	LDPC decoder
	Normalized min-sum, 15 layered iterations


[bookmark: _GoBack]
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