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1 Introduction
In this contribution we propose corrections to the CQI definition in TS 38.214 [1]. 
2 Summary of the changes
Precoding for CQI calculation
There is no description how the channel measurements obtained on CSI-RS antenna port should be used by the UE to derive CQI report. It is proposed to clarify this aspect in the CQI definition following TS 36.213 principles from LTE.
Condition to valid CSI 
For CSI reference resource definition several conditions are used to determine whether downlink slot is valid for CQI reporting. However current description is missing condition to have at least one CSI-RS and CSI-IM resource transmission occasion before valid CSI reference resource. 
Granularity of differential CQI
In contrast to LTE, where UEs should support all channel bandwidths, NR UEs may have different capability of supporting different channel bandwidths. As the 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. As the result, the subband CQI report granularity of 2 bits may not be sufficient to accurately capture interference profile. It is therefore proposed, to adopt high granularity (e.g. 3 bits) of the subband CQI report (instead of 2 bits) for subband CQI reporting to support reporting of the more accurate subband information to the gNB. 

Text proposal
The text proposal to the above issues is provided below, where the changes are shown in red.

---- Start of text proposal ----
5.2.2
Channel state information

5.2.2.1
Channel quality indicator (CQI) 

The CQI indices and their interpretations are given in Table 5.2.2.1-2 for reporting CQI based on QPSK, 16QAM and 64QAM. The CQI indices and their interpretations are given in Table 5.2.2.1-3 for reporting CQI based on QPSK, 16QAM, 64QAM and 256QAM. 

Based on an unrestricted observation interval in time unless specified otherwise in this Subclause, [and an unrestricted observation interval in frequency-TBD], the UE shall derive for each CQI value reported in uplink slot n the highest CQI index which satisfies the following condition:

-
A single PDSCH transport block with a combination of modulation scheme 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.

If a UE is not configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CQI value reported in uplink slot n and corresponding to the MeasLinkConfig, based on only the non-zero power CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) within a configured MeasLinkConfig associated with the CSI resource setting. 

If a UE is configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CSI reported in uplink slot n and corresponding to the MeasLinkConfig, based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) within a configured MeasLinkConfig associated with the CSI resource setting. 

If a UE is not configured with higher layer parameter MeasRestrictionConfig-time-interference, the UE shall derive the interference measurements for computing CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on only the configured CSI resource setting no later than the CSI reference resource within a configured MeasLinkConfig associated with the CSI resource setting. 

If a UE is configured with higher layer parameter MeasRestrictionConfig-time-interference the UE shall derive the interference measurements for computing the CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on the most recent, no later than the CSI reference resource, occasion of CSI-IM and/or NZP CSI-RS for interference measurement (defined in [4, TS 38.211]) within configured MeasLinkConfig associated with the CSI resource setting. 

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


A combination of modulation scheme and transport block size corresponds to a CQI index if:

-
the combination could be signaled for transmission on the PDSCH in the CSI reference resource according to the Transport Block Size determination described in Subclause 5.1.3.2, and 

-
the modulation scheme is indicated by the CQI index, and 

-
the combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.

Table 5.2.2.1-2: 4-bit CQI Table

	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
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 5.2.2.1-3: 4-bit CQI Table 2

	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 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	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 


Table 5.2.2.1-3: [TBD]-bit CQI Table 3

	
	
	
	

	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


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.

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 NZP CSI -RS resource for channel measurement overlaps with CSI-IM resource for interference measurement or NZP 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 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 correponding 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 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.
-
Assume no PT-RS overhead.
-
Assume PRB bundling size of 2 PRBs.
-
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,
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 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, 
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 is the precoding matrix corresponding to the reported PMI applicable to 
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. 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 Summary

In this contribution we propose corrections to the CQI definition in TS 38.214 [1]. 
References
[1] TS 38.214 v.15.0.1
PAGE  
1/5

_1577278031.unknown

_1577320740.unknown

_1577278036.unknown

_1488823722.unknown

_1488823726.unknown

