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Introduction
For this meeting, in total 8 contributions were submitted on the aspects for CQI and MCS [1]-[8]. 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 RAN1 AH#1801 and in RAN1#92. 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. CSI reference resource definition
b. Sub-band differential CQI report
c. CQI Table update
d. MCS Table update

The summary on each of these topics is explained in separate sections below.
 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   Precoding for CQI Calculation: According to the current specification for deriving the CQI, there is no description of how the channel measurements should be used by UE for deriving the CQI. Intel’s contribution [4] recommends to clarify these aspects similar to LTE specification.  Note that in the previous meeting AT&T also bright up this issue as part of codeword to layer mapping [9].  As DM-RS is transparent to the UE, there is no description of precoding in the TS 38.211, however, with the current structure, there is a possibility that NR can be implemented without precoding.  Hence it is reasonable to describe the precoding operation at least for CQI derivation. Based on this argument, the following text proposal is agreeable 

Proposal 1: The following Text proposal regarding precoding for CQI should be agreed  

---- Start of text proposal ----
-	The PDSCH transmission scheme where the UE may assume that the gNB transmission on the PDSCH transmission 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]. For CQI calculation UE should assume PDSCH signals on antenna ports in the set [1000-1008 + υ - 1] for υ 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], P ϵ [1,2,4,8,12,16,24,32] is the number of CSI-RS ports. If only one CSI-RS port is configured, is 1, otherwise  is the precoding matrix corresponding to the reported PMI applicable to . 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 of text proposal ----
3.2   Condition to valid CSI:  According to the current CSI reference resource definition, TS 38.214 mentions several conditions for determining whether the slot is valid for CQI reporting. However the current description is missing a condition to have at least one CSI-RS and CSI-IM resource transmission occasion before valid CSI reference resource [4]. In our view, this makes sense as the UE can’t estimate CQI without at least one CSI-RS or CSI-IM resource. Hence we propose that 
Proposal 2: The following Text proposal regarding precoding for CQI should be agreed  
---- Start of text proposal ----

5.2.2.1.1	CSI reference resource definition
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.
-	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. 
-	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. 
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.
-	there is at least one CSI-RS and CSI-IM transmission occasion no later than CSI reference resource for which the CSI reporting is performed.
---- End of text proposal ----
3.3 CQI Definition:  Regarding the CSI resources for CQI definition [7] proposes that dynamically indicating the resources for computing the CQI. That is when signalling for transmission in the CSI reference resource, the DCI message used for signalling can indicate a frequency domain and/or time domain resource assignment smaller than the CSI reference resource which fits inside the CSI reference resource. The DCI message can also signal a DM-RS configuration that is different from the configuration in the CSI reference resource, including additional overhead from DM-RS CDM groups. All of these differences would affect the transport block size. In our view RAN1 discussed this issue during RAN1#91 and decided not to indicate the DM-RS configuration for computing the CQI. In addition, we feel it is an enhancements as the specification is not broken without this proposal. Based on the above observations, we recommend the keep the current assumption of CSI-RS resource definition about DM-RS for CQI computation. 
Regarding CQI definition [5] wants to include target code rate in addition to modulation scheme and transport block size corresponding to CQI. However, in our view, transport block size and target code rate are interchangeable at the UE, as one can derive target code rate if transport block size is given and vice versa. The following word might address the concerns raised by [5].
Proposal 3: The following Text proposal regarding CQI definition 
---- Start of text proposal ----
-	A single PDSCH transport block with a combination of modulation scheme, and target code rate, and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding: 
-	0.1, if the higher layer parameter CQI-table configures Table 5.2.2.1-2, or Table 5.2.2.1-3, or
-	a higher layer configured BLER-target, if the higher layer parameter CQI-table configures Table 5.2.2.1-4.

---- End of text proposal ----
Sub-band differential CQI report 
[bookmark: _Ref378529477]Regarding sub-band differential CQI reporting, two contributions pointed out the current sub band differential CQI reporting is not sufficient [4], [6]. In [4], it is mentioned that NR UEs may have different capability of supporting different channel bandwidths, as a result the interference from the neighbouring cells is expected to be more frequency selective comparing to LTE, due to presence of UEs occupying part of the channel bandwidth.  Hence reusing the 2 bit differential CQI is not beneficial for NR. It is therefore proposed, to adopt high granularity (e.g. 3 bits) of the subband CQI report (instead of 2 bits) 
Similarly [6] mentions that 2 bit differential CQI is not sufficient for NR through simulations as they observed significant number of sub bands differential CQI greater than 3 compared to wideband CQI. They proposes to use either 3 bit differential CQI or 4 bit CQI for reporting sub band CQI.   Based on the above observations, we propose that
Proposal 4: The following Text proposal regarding sub band CQI should be agreed  
---- Start of text proposal ----
for subband CQI reporting to support reporting of the more accurate subband information to the gNB. 
For each sub-band index s, a 2-bit 3-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 sub-band differential CQI value to offset level
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	≥ 3

	4
	-1

	5
	-2

	6
	-3

	7
	≤-4



---- End of text proposal ----
Regarding the support of 4 bit sub band CQI in addition to the differential CQI can be discussed online.
Conclusion 1:  Further discussion is needed to support 4 bit sub band CQI in addition to the differential CQI. 
CQI Table Update 
Only one company submitted a contribution regarding the already agreed CQI table for eMBB applications [8]. According to the simulation results there can be some gains by switching CQI entry 10 from 64-QAM to 16-QAM with a higher code rate. However, the gains are reduced when practical channel estimation is used.  Hence they recommend not to change the existing CQI tables. We feel that this issue is closed and no enhancements are expected from the companies unless the specification is broken.
Conclusion 2:  No update is required regarding the existing CQI tables for eMBB 
MCS Table Update 
Few contributions proposed updates to the MCS tables [1], [5], [7] and [8]. Each contribution proposes a new MCS table for PUSCH with transform precoding. However, according to the agreement from the previous meeting the MCS tables are stabilized and no update is required. 
The current MCS table for DFT-s-OFDM with 64QAM is generated from the MCS table for CP-OFDM and switching the first two entries from QPSK to pi/2 BPSK, keeping the same spectral efficiency. 
It is still under discussion whether pi/2 BPSK modulation is mandatory or not. In our view, at least for eMBB applications at LF bands, there is no need to make pi/2 BPSK as a mandatory feature. 
With the current MCS table, the UEs not supporting pi/2 BPSK can only be scheduled starting with the 3rd MCS, which has a relatively higher code rate. In this case, the coverage for these UEs will be unnecessarily and artificially reduced, as they are prohibited from using QPSK modulation but with a lower code rate. 
Under some conditions, e.g., msg-3 transmission during initial access procedure, the UE capability has not been reported yet, the network will not know whether pi/2 BPSK is supported by the UE or not. To avoid confusion, QPSK can be used in such PUSCH transmissions if MCS index 0 or 1 is scheduled. 
We then have the following proposal:

Conclusion 3:  Further discussion is required regarding the existing MCS tables for eMBB, if there is a need to change the MCS table based on the UE capability, the following text proposal should be agreed.


	Text proposals for TS 38.214 v15.0.0 Section 6.1.4.1
< Unchanged parts are omitted >
 elseif transform precoding 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 uplink shared channel.
-	for MCS index 0 and 1, 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
	1q
	240/q
	0.2344

	1
	1q
	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
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


< Unchanged parts are omitted >
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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 proposal regarding precoding for CQI should be agreed  

---- Start of text proposal ----
-	The PDSCH transmission scheme where the UE may assume that the gNB transmission on the PDSCH transmission 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]. For CQI calculation UE should assume PDSCH signals on antenna ports in the set [1000-1008 + υ - 1] for υ 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], P ϵ [1,2,4,8,12,16,24,32] is the number of CSI-RS ports. If only one CSI-RS port is configured, is 1, otherwise  is the precoding matrix corresponding to the reported PMI applicable to . 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 of text proposal ----
Proposal 2: The following Text proposal regarding precoding for CQI should be agreed  
---- Start of text proposal ----

5.2.2.1.1	CSI reference resource definition
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.
-	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. 
-	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. 
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.
-	there is at least one CSI-RS and CSI-IM transmission occasion before CSI reference resource for which the CSI reporting is performed.
---- End of text proposal ----
Proposal 3: The following Text proposal regarding sub band CQI should be agreed  
---- Start of text proposal ----
for subband CQI reporting to support reporting of the more accurate subband information to the gNB. 
For each sub-band index s, a 2-bit 3-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 sub-band differential CQI value to offset level
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	≥ 3

	4
	-1

	5
	-2

	6
	-3

	7
	≤-4



---- End of text proposal ----
Conclusion 1:  Further discussion is needed to support 4 bit sub band CQI in addition to the differential CQI. 
Conclusion 2:  No update is required regarding the existing CQI tables for eMBB 
Conclusion 3:  No update is required regarding the existing MCS tables for eMBB 
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