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 Introduction
A study item on physical layer enhancements for NR URLLC has been approved in RAN#88e with the following objective [1]:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 


In this contribution, we discuss the possible enhancements for CQI reporting. More specifically, we evaluate the existing mechanism for differential subband CQI and provide the possible enhancements to enable better resource allocation and MSC selection at the gNB.
 Discussion
In NR, the gNB sends channel state information-reference signal (CSI-RS) to the UE to be used for channel state information (CSI) measurements and reporting. The requested reports by the gNB can be with either coarse frequency granularity or fine frequency granularity, where the latter allows the gNB to have CSI for small size of physical resource blocks (PRBs).  For the CSI measurements and reporting, the UE doesn’t report the phase and amplitude of the measured channel, however, the UE reports CSI that include variable indicators to allow the gNB to adapt their downlink transmission accordingly. For example, channel quality indicator (CQI) allow the UE to quantify and report its downlink channel quality to the gNB, where the latter uses this information to adapt its link modulation and coding scheme.
The UE sends the CSI reports on either PUSCH or PUCCH, where single or multi-CSI reports can be transmitted. The periodicity of CSI-RS and CSI reports can be either periodic (P), or semi-persistent (SP), or aperiodic. For periodic CSI reports, the UE is configured with the reporting periodicity and timing offset, the periodicity can range from 4 to 320 time slots. Periodic CSI reporting requires periodic CSI-RS and no dynamic triggering is needed. However, semi-persistent and aperiodic reports require triggering mechanism. In NR, multi-CSI reports is supported, where different reports can be sent with different configurations.
 Frequency granularity for CQI reporting
The frequency granularity of the reported CSI in a bandwidth part (BWP) can be coarse granularity using wideband reports and fine granularity using subband reports. The wideband size includes the total PRBs in the associated BWP. The minimum BWP size in which subband reports can be applied is 24 PRBs. The frequency granularity of the subbands in a BWP can be from 4 PRBs to 32 PRBs, which is selected according to the BWP size and the configured subband size by the RRC parameter subbandSize. The relation between the subband size and the BWP size is given by:
[bookmark: _Ref47481337]Table 1: Subband sizes as a function of BWP size and subband size value (§5.2.1.4 in [2]).
	Configuration
	Bandwidth Part Size (PRB)
	Subband size [value1, value2] (PRB)

	0
	<24
	Subband reporting not applicable

	1
	24 to 72
	4, 8 

	2
	73 to 144
	8, 16 

	3
	145 to 275
	16, 32



The BWP can include from 3 subbands (24 PRB / 8 PRB = 3) up to 19 subbands (72/4 = 18, 144/8 = 18, plus 1 in case BWP is not aligned with the subband boundaries).
Observation 1: Using a BWP with number of PRBs smaller than 24 leads to have a wideband frequency granularity report only.
Observation 2: The frequency granularity per a configuration in a subband can be selected one of two granularities options, and hence allow finer granularity within a subband.
To evaluate if finer/smaller subband size can help in better resource allocation or MCS selection, we need to look into the possible frequency domain resource allocation (FDRA) types. In downlink resource allocation type 0, resources in a BWP are allocated in terms of resource block group (RBG). The resource block allocation in type 0, uses a bitmap to indicate the allocated RBG for a scheduled user. The RBG is a consecutive virtual resource blocks (VRBs) within a BWP. The size of RBG varies according to the BWP size and the relation between the BWP size and the RBG size is given by:
[bookmark: _Ref47612517]Table 2: RBG sizes as a function of BWP size (§5.1.2.2.1 in [2]).
	Bandwidth Part Size (RB)
	RBG size config 1 (RB)
	RBG size config 1 (RB)

	1 - 36
	2
	4

	37 - 72
	4
	 8 

	73 - 144
	8 
	16 

	145 - 275
	16
	16


The resource allocation type 0 always uses non-interleaved VRB to PRB mapping (i.e. the VRB with index ‘n’ will be assigned to PRB with index ‘n’, which means a VRB in resource allocation type 0 is a PRB). On the other hand, downlink resource allocation type 1 indicates a set of contiguous VRBs within a BWP to a scheduled UE. These VRBs are mapped into a set of PRBs using either interleaved or non-interleaved mapping.
For FDRA type 0, due to the use of non-contiguous allocation of RBGs, the gNB can benefit from the subband CQI reporting by selecting the RBGs with the best CQI values according to the reported subband CQI values. Now, consider using subband size with finer granularity (i.e. the subbands in Table 1 has smaller number of PRBs) leads to have higher accuracy of measured CQI values. However, in order to have the advantage of using finer granularity subbands size, the RBG size in the resource allocation type 0 has to be smaller/finer in the frequency domain as well. In order to achieve this, fundamental changes in the resource allocation in the frequency domain type 0 is required. Therefore, adopting a finer subband size for CQI reporting can’t be useful without adopting finer RBG size for FDRA type 0.
For FDRA type 1, although the frequency granularity is one PRB, however, the contiguous nature restricts the use of subband CQI values. This means that providing finer subband CQI values to the gNB will add no enhancement or marginal enhancements. This is because the FDRA type 1 can’t exclude a PRB(s) out of the total allocated PRBs apart from the PRBs at the edges of the allocation. Therefore, adopting a finer subband size for CQI reporting can’t be useful with the contiguous nature of allocation in type 1 FDRA.
Observation 3: Reporting subband CQI values for finer subband sizes, first, requires finer RBG sizes in FDRA type 0, second, adds no enhancements in FDRA type 1 due to its contiguous nature.
Proposal 1: There is no need to support finer subband size for URLLC in Rel-17.
Differential CQI reporting
The CQI value, which is used by the gNB to select the MCS, is included in the CSI reports and it is reported with either subband and/or wideband granularity. The report of wideband CQI carries a single CQI value calculated using all the PRBs provided for a UE and the wideband CQI report requires 4 bits to convey the CQI information. While the report of subband CQI carries multiple differential CQI values calculated relevant to the wideband CQI value. The formula of finding the differential CQI values for each subband is given by:

The differential CQI values requires only 2 bits per subband, and the mapping between the differential CQI and CQI offset is given in Table 3.
[bookmark: _Ref47480075][bookmark: _Ref47479950]Table 3: Differential CQI mapping (§5.2.2.1 in [2]).
	Differential CQI values
	CQI Offset

	0
	0

	1
	1

	2
	>=2

	3
	<=-1


Reporting differential CQI values per subband instead of the actual CQI value per subband (using 4-bit CQI) reduces the number of required bits in a payload: 
Max: from 19×4 = 76 bits to 19×2 = 38 bits (i.e. saving 38 bits).
Min: from 3×4 = 12 bits to 3×2 = 6 bits (i.e. saving 6 bits).
Observation 4: Differential CQI requires less payload compared to 4-bit CQI.
The choices of differential CQI values 2 and 3 in Table 3 indicate that the CQI offset values of >=3 are merged with CQI offset value equal to 2, in a similar manner, the CQI offset values of <=-2 are merged with the CQI offset equal to -1. The CQI offset values that are not reported explicitly by the UE to the gNB represents the information loss. For example, given that there is no explicit choice for sending the CQI offset value equal to -2 in Table 3, assume that the probability of having a CQI offset value of -2 is equal to 10%, and assume that the gNB consider the case of <-1 as -1, hence the information of having CQI offset of any subband with -2 is the lost information, which is 10% for this example.
Observation 5: Due to the use of differential CQI reporting, the big variation in CQI offset values are not reported accurately (i.e. there is information loss in the reported differential CQI), which results in inefficient CQI reporting.
In order to evaluate the performance of differential CQI reporting mechanism in terms of the probability of occurrence (capturing the statistics) and the probability of lost information, the statistics of having a various differential CQI value are found and plotted in Figure 1. Results for other BWP sizes are provided in Appendix B, Figure 5 and Figure 6, respectively. For all evaluation in this contribution, extensive computer simulations are used with system parameters presented in Table 6.


[bookmark: _Ref47527660]Figure 1: Probabilities of occurrence of differential CQI values using existing differential CQI table
 (144 PRB with subband of 8 PRB size) 

Where <=-2 and >=3 present the lost information in the negative and positive region of the CQI offset range, respectively, while the probability of <=-1, =0, =1, >=2 depict the performance of the current differential CQI using the existing table. From the performance evaluation using our computer simulation, the CQI offset values of the existing table cover:
· 78% for Configuration-1, where the 22% is lost information, which is the summation of the lost information in the negative CQI offset values, 19%, and the positive CQI offset values, 3%.
· 82% for Configuration-2, where the lost information is 16% in the negative CQI offset values and 2% in the positive CQI offset values.
· 87% for Configuration-3, where the lost information is 11% in the negative CQI offset values and 2% in the positive CQI offset values.
Observation 6: Differential CQI with existing table does not capture all the CQI offset values where only 78-87% of the statistics are captured.
Observation 7: The probabilities of the lost information in the high positive values of CQI offset are 2-3%. These probabilities are very low compared to that of the negative CQI offset values, which are 11-19.
It also follows from this observation that, for example, if the measured CQI offset value at the UE is -2 or beyond, the reported negative CQI value is <= -1, so the UE will not be able to report the correct CQI offset value and the gNB will not be able to make a reliable decision accordingly. Thus, inaccurate CQI reporting in the negative region of CQI offset leads to:
· Lower system reliability: this is the case if the base station (gNB) considers the differential CQI of any subband with <=-1 as -1.
· Reduced spectral efficiency: this is the case if the base station (gNB) considers the differential CQI of any subband with <=-1 as either [-3 or -4].
It also follows from this observation that system reliability and spectral efficiency depend on the amount of the lost information, hence study and evaluation of the existing differential CQI reporting mechanism is required. In this contribution, we restrict our focus on the differential CQI mapping design that allows the UE to convey the CQI information accurately to the gNB, while keeping the payload size as small as possible. 
Proposal 2: Support the design of new differential CQI tables for URLLC in Rel-17 that enhance the reporting mechanism by capturing the statistics in better way.
 Enhancements for differential CQI reporting
As observed in the last section that the existing method of differential CQI reporting: (i) is biased to capture the statistics in the positive region of CQI offset values rather than the negative region, and (ii) cannot capture the all statistics of CQI offset values. In the following sections, we highlight some of the possible approaches to address: (i) the asymmetric issue in reporting the positive and negative region of CQI offset values (this option is addressed in §5.1), and (ii) the information loss in general for all CQI offset values (this option is addressed in §5.2).
[bookmark: _Ref47480369]The information loss in the negative part
One approach to address the high loss in the negative part of CQI offset values is that the existing differential CQI table can be changed to a different table as in Table 4 to capture the statistics more in the negative region, and hence the new table is termed Reversed Mapping differential CQI table.
[bookmark: _Ref47480467]Table 4: Reversed differential CQI mapping
	Differential CQI values
	CQI Offset

	0
	0

	1
	>= 1

	2
	-1

	3
	<= -2



In order to evaluate the performance of the new reversed differential CQI mapping, the probability of occurrence for the reported CQI offset and probability of the lost information are plotted in Figure 2. Results for other BWP sizes are provided in Appendix B, Figure 7 and Figure 8, respectively. For all evaluation in this contribution, extensive computer simulations are used with system parameters presented in Table 6.


[bookmark: _Ref47618920]Figure 2: Probabilities of occurrence of differential CQI values using reversed differential CQI table 
(144 PRB with subband of 8 PRB size) 

Where <=-3 and >=2 present the lost information in the negative and positive region of the CQI offset range, respectively, while the probability of <=-2, =-1, =0, >=1 depict the performance of using the reversed differential CQI table (Table 4). From the performance evaluation using our computer simulation, the reversed CQI offset values of Table 4 cover:
· 75% for Configuration-1, where the 25% is lost information, which is the summation of the lost information in the negative CQI offset, 9%, and the positive CQI offset , 16%.
· 81% for Configuration-2, where the lost information is 6% in the negative CQI offset and 13% in the positive CQI offset.
· 89% for Configuration-3, where the lost information is 3% in the negative CQI offset and 8% in the positive CQI offset.
Observation 8: Using the reversed differential CQI table mapping re-distribute the statistics of the lost information between the positive and negative regions of CQI offset in a uniform manner compared to using the existing differential CQI table.
It follows from the observation that the lost information in the negative differential CQI region is reduced from 11-19% (using existing table for differential CQI mapping) to 3-9% (using the reversed table for differential CQI mapping). Certainly, there will be slight increase in the positive differential CQI region from 2-3% (using existing table) to 8-16% (using reversed table)
For example, assume a CQI offset value is equal to -2 and using the existing table, the gNB will receive CQI offset of <=-1, however, the gNB cannot make an accurate decision if it was -1, or -2, or -3. On the other hand, using the reversed CQI mapping, the gNB will receive a CQI offset with value of <=-2, which makes the probability of getting the correct CQI value more accurate.
Proposal 3: For URLLC in NR Rel-17, support reversed table for differential CQI mapping to offer enhancements in reporting the CQI values per subband.
[bookmark: _Ref47480403] The information loss in general
One straightforward approach to resolve the matter of the information loss in differential CQI reporting per subband is using 4-bit CQI per subband (i.e. sending the actual CQI value of each subband). In a different approach to enhance the differential CQI reporting to reduce the information loss is using 3-bit differential CQI mapping as presented in Table 5 instead of the existing 2-bit table.

[bookmark: _Ref47480881]Table 5: Three-bit differential CQI mapping
	Differential CQI values
	CQI Offset

	0
	0

	1
	1

	2
	2

	3
	>= 3

	4
	-1

	5
	-2

	6
	-3

	7
	<= -4



In order to evaluate the performance of the 3-bit differential CQI reporting mapping, the probability of occurrence for the reported CQI offset and probability of the information loss are plotted in Figure 3. Results for other BWP sizes are provided in Appendix B, Figure 9 and Figure 10, respectively. For all evaluation in this contribution, extensive computer simulations are used with system parameters presented in Table 6.

[bookmark: _Ref47528303]Figure 3: Probabilities of occurrence of differential CQI values using 3-bit differential CQI table 
(144 PRB with subband of 8 PRB size) 

Where <= -5 and >= 4 present the information loss in the negative and positive region of the CQI offset range, respectively, while the probabilities of <= -4, = -3, = -2, = -1, = 0, = 1, = 2, >=3 depict the performance of using the 3-bit differential CQI mapping (Table 5). From the performance evaluation using our computer simulation, the 3-bit CQI offset values of Table 5 cover:
· 98% for Configuration-1, where the 2% is lost information, which is the summation of the lost information in the negative CQI offset, 1.9%, and the positive CQI offset, 0.2%.
· 99% for Configuration-2, where the lost information is 0.7% in the negative CQI offset and 0.3% in the positive CQI offset.
· 99.4% for Configuration-3, where the lost information is 0.3% in the negative CQI offset and 0.3% in the positive CQI offset.
Observation 9: Using the 3-bit CQI offset mapping table achieves high accuracy of differential CQI reporting of at least 98%.
It should be noted that in order to convey the actual CQI values of subbands, 4 bits are required for each subband. Therefore, using 4 bits for the actual CQI values will lead to a payload of size:
· Max: 19×4 = 76 bits 
Where the maximum number of subbands in a BWP is 19, and the number of bits calculated in here is for a single codeword and excluding the 4 bits needed to send the wideband CQI value. On the other hand, using the 3-bit differential CQI mapping, the number of bits required per payload to send the differential CQI values for each codeword for all subbands plus the wideband CQI:
· Max: subband + wideband = 19×3 + 4 = 61 bits
Using 4-bit to convey the actual CQI values per subband, requires up to 76 bits of the payload size, yet no wideband CQI is send. While using 3-bit differential CQI per subband plus the wideband CQI requires up to 61 bits of the payload size, which saves up to 15 bits per a CQI report. Besides, using 3-bit differential CQI mapping capture at least 98% of the statistics, which is a very close accuracy to that of sending the actual CQI value per subband and it is a greater accuracy than using the existing 2-bit table that covers at least 78% of the statistics.
Observation 10: Using the 3-bit differential CQI mapping capture all the statistics and its accuracy close to that of the actual CQI values of each subband, yet using the 3-bits differential CQI requires less bits per payload.
Proposal 4: For URLLC in NR Rel-17, support 3-bit differential CQI mapping per subband to capture the CQI offset accurately.
Prioritizing URLLC in P/SP CSI reporting  
[bookmark: _GoBack]When a UE is configured with periodic CSI reports having different period lengths, in some periods their respective configured PUCCH resources will overlap in time, as shown in Figure 4. If multi-CSI reporting is configured the two reports can be multiplexed onto a combined PUCCH resource. Otherwise, one of them needs to be dropped. To give URLLC traffic high priority, the dropping rule (in §5.2.5 of [2]) should account for the configured CQI table (the CQI tables for MCS selection and link adaptation), favouring the lower BLER target, and this condition should take precedence over all other conditions. Prioritization could be considered over multiplexing even in the case when multi-CSI reporting is otherwise enabled and a combined PUCCH resource would be available.  

[bookmark: _Ref47481051]Figure 4: Multi-CSI multiplexing prioritizing when PUCCH resources overlap
Proposal 5: When PUCCH resources assigned to two P/SP CSI reports overlap in time, if one of them is configured with a CQI table using lower BLER target than the other then the one with the higher BLER target should be dropped, unless the UE is configured otherwise.
Conclusion
In this contribution, we discussed the possible enhancements for CQI reporting in NR and we have the following observations and proposals:
Observation 1: Using a BWP with number of PRBs smaller than 24 leads to have a wideband frequency granularity report only.
Observation 2: The frequency granularity per a configuration in a subband can be selected one of two granularities options, and hence allow finer granularity within a subband.
Observation 3: Reporting subband CQI values for finer subband sizes, first, requires finer RBG sizes in FDRA type 0, second, adds no enhancements in FDRA type 1 due to its contiguous nature.
Observation 4: Differential CQI requires less payload compared to 4-bit CQI.
Observation 5: Due to the use of differential CQI reporting, the big variation in CQI offset values are not reported accurately (i.e. there is information loss in the reported differential CQI), which results in inefficient CQI reporting.
Observation 6: Differential CQI with existing table does not capture all the CQI offset values where only 78-87% of the statistics are captured.
Observation 7: The probabilities of the lost information in the high positive values of CQI offset are 2-3%. These probabilities are very low compared to that of the negative CQI offset values, which are 11-19.
Observation 8: Using the reversed differential CQI table mapping re-distribute the statistics of the lost information between the positive and negative regions of CQI offset in a uniform manner compared to using the existing differential CQI table.
Observation 9: Using the 3-bit CQI offset mapping table achieves high accuracy of differential CQI reporting of at least 98%.
Observation 10: Using the 3-bit differential CQI mapping capture all the statistics and its accuracy close to that of the actual CQI values of each subband, yet using the 3-bits differential CQI requires less bits per payload.
Proposal 1: There is no need to support finer subband size for URLLC in Rel-17.
Proposal 2: Support the design of new differential CQI tables for URLLC in Rel-17 that enhance the reporting mechanism by capturing the statistics in better way.
Proposal 3: For URLLC in NR Rel-17, support reversed table for differential CQI mapping to offer enhancements in reporting the CQI values per subband.
Proposal 4: For URLLC in NR Rel-17, support 3-bit differential CQI mapping per subband to capture the CQI offset accurately.
Proposal 5: When PUCCH resources assigned to two P/SP CSI reports overlap in time, if one of them is configured with a CQI table using lower BLER target than the other then the one with the higher BLER target should be dropped, unless the UE is configured otherwise.
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Appendices
Appendix A

[bookmark: _Ref47480243]Table 6: Simulation parameters for performance evaluation.
	Parameters
	Value

	Channel model
	CDL-C (300 ns rms)

	Subcarrier spacing
	30 KHz

	CQI Table
	Table 1 (64 QAM Table)

	BWP size
	72, 144, 274 (PRBs)

	Subband size
	4, 8, 16 (PRBs), respective to BWP sizes

	SNR 
	-5:5:20 dB

	BLER target
	0.1

	Number of Tx antennas
	1

	Number of Rx antennas
	1 

	SNR effective mechanism 
	MIESM



[bookmark: _Ref47542236]Appendix B

[bookmark: _Ref40460893]Figure 5: Probabilities of occurrence of differential CQI values using existing differential CQI table 
(72 PRB with subband of 4 PRB size) 


[bookmark: _Ref47527738]
[bookmark: _Ref47542538]Figure 6: Probabilities of occurrence of differential CQI values using existing differential CQI table 
(274 PRB with subband of 16 PRB size) 


[bookmark: _Ref47527948]
[bookmark: _Ref47618975]Figure 7: Probabilities of occurrence of differential CQI values using reversed differential CQI table 
(72 PRB with subband of 4 PRB size) 

[bookmark: _Ref47527961]Figure 8: Probabilities of occurrence of differential CQI values using reversed differential CQI table 
(274 PRB with subband of 16 PRB size) 




[bookmark: _Ref47528334]Figure 9: Probabilities of occurrence of differential CQI values using 3-bit differential CQI table 
(72 PRB with subband of 4 PRB size) 

[bookmark: _Ref47528338] 
[bookmark: _Ref47619051]Figure 10: Probabilities of occurrence of differential CQI values using 3-bit differential CQI table 
(274 PRB with subband of 16 PRB size)
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SNR = -5 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.11	0.28000000000000003	0.39	0.18	0.15	0.03	SNR = 0 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.2	0.35	0.27	0.22	0.16	0.03	SNR = 5 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.2	0.34	0.22	0.21	0.23	0.06	SNR = 10 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.22	0.35	0.22	0.21	0.22	0.06	SNR = 15 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.23	0.36	0.24	0.27	0.14000000000000001	0.02	SNR = 20 dB	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.18	0.34	0.3	0.3	0.06	0.01	Mean	<	= -2	<	= -1	 = 0	 = 1	>	=2	>	=3	0.18999999999999997	0.33666666666666661	0.27333333333333337	0.23166666666666666	0.16	3.4999999999999996E-2	CQI offset values


Probability distribution function




SNR = -5 dB	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	7.0000000000000007E-2	0.28000000000000003	0.43	0.22	7.0000000000000007E-2	0.01	SNR = 0 dB	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	0.11	0.32	0.39	0.24	0.05	0.01	SNR = 5 dB	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	0.09	0.28999999999999998	0.39	0.2	0.12	0.03	SNR = 10 dB	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	0.13	0.32	0.33	0.21	0.14000000000000001	0.04	SNR = 15 dB	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	0.15	0.33	0.37	0.22	0.08	0.02	SNR = 20 dB	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	0.09	0.28000000000000003	0.46	0.23	0.03	0.01	Mean	<	= -2	<	= -1	  = 0	 = 1	>	=2	>	=3	0.10666666666666667	0.3033333333333334	0.39500000000000002	0.21999999999999997	8.1666666666666665E-2	0.02	CQI offset values


Probability distribution function




SNR = -5 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.02	0.11	0.17	0.39	0.33	0.15	SNR = 0 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.08	0.2	0.15	0.27	0.38	0.16	SNR = 5 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.09	0.2	0.14000000000000001	0.22	0.44	0.23	SNR = 10 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.13	0.22	0.13	0.22	0.43	0.22	SNR = 15 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.14000000000000001	0.23	0.13	0.24	0.4	0.14000000000000001	SNR = 20 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.11	0.18	0.16	0.3	0.36	0.06	Mean	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	9.5000000000000015E-2	0.18999999999999997	0.1466666666666667	0.27333333333333337	0.38999999999999996	0.16	CQI offset values


Probability distribution function




SNR = -5 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	1E-4	7.0000000000000007E-2	0.21	0.43	0.28999999999999998	7.0000000000000007E-2	SNR = 0 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.03	0.11	0.21	0.39	0.28999999999999998	0.05	SNR = 5 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.02	0.09	0.2	0.39	0.32	0.12	SNR = 10 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.05	0.13	0.18	0.33	0.35	0.14000000000000001	SNR = 15 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.06	0.15	0.18	0.37	0.3	0.08	SNR = 20 dB	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	0.04	0.09	0.19	0.46	0.26	0.03	Mean	<	= -3	<	= -2	 = -1	 = 0	>	= 1	>	=2	3.3349999999999998E-2	0.10666666666666667	0.19499999999999998	0.39500000000000002	0.30166666666666669	8.1666666666666665E-2	CQI offset values


Probability distribution function




SNR = -5 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	4.0000000000000002E-4	4.0000000000000002E-4	0.02	0.09	0.17	0.39	0.18	0.12	0.03	2E-3	SNR = 0 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	1E-3	1.9E-2	6.0999999999999999E-2	0.12	0.15	0.27	0.22	0.13	0.03	2E-3	SNR = 5 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	1.2E-2	0.04	0.05	0.11	0.14000000000000001	0.22	0.21	0.17	0.06	5.0000000000000001E-3	SNR = 10 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	2.5999999999999999E-2	0.06	6.7000000000000004E-2	0.09	0.13	0.22	0.21	0.16	0.06	4.0000000000000002E-4	SNR = 15 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	4.1000000000000002E-2	7.3999999999999996E-2	6.3E-2	0.09	0.13	0.24	0.27	0.11	0.02	3.0000000000000001E-3	SNR = 20 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	3.4000000000000002E-2	6.3E-2	4.3999999999999997E-2	7.0000000000000007E-2	0.16	0.3	0.3	0.06	0.01	1E-3	Mean	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	1.9099999999999999E-2	4.2999999999999997E-2	5.0999999999999997E-2	0.1	0.15	0.27	0.23	0.12	0.03	2E-3	CQI offset values


Probability distribution function




SNR = -5 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	0	0	0	7.0000000000000007E-2	0.21	0.43	0.22	0.06	0.01	1E-3	SNR = 0 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	0	4.0000000000000001E-3	2.4E-2	0.08	0.21	0.39	0.24	0.04	0.01	2E-3	SNR = 5 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	2.5000000000000001E-3	7.0000000000000001E-3	1.2999999999999999E-2	7.0000000000000007E-2	0.2	0.39	0.2	0.1	0.03	3.0000000000000001E-3	SNR = 10 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	3.7000000000000002E-3	1.2999999999999999E-2	3.5000000000000003E-2	0.09	0.18	0.33	0.21	0.11	0.04	1E-3	SNR = 15 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	2E-3	2.4E-2	3.3000000000000002E-2	0.09	0.18	0.37	0.22	0.06	0.02	7.0000000000000001E-3	SNR = 20 dB	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	8.0000000000000002E-3	1.7999999999999999E-2	1.9E-2	0.06	0.19	0.46	0.23	0.03	0.01	2E-3	Mean	<	= -5	<	= -4	 = -3	 = -2	 = -1	 = 0	 = 1	 = 2	>	= 3	>	= 4	2.7000000000000001E-3	1.0999999999999999E-2	2.1000000000000001E-2	7.0000000000000007E-2	0.2	0.39	0.22	7.0000000000000007E-2	0.02	3.0000000000000001E-3	CQI offset values


Probability distribution function
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