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1.	Introduction
According to [1], RAN1 should identify techniques for supporting the ultra-reliable part of URLLC requirements set forth in [2] starting in RAN1 NR Ad-hoc#2 meeting in June 2017. 
In RAN1 #92bis, the following agreements on CQI report for URLLC have been made [3]:
Agreements:
· The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)
· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.

Agreements:
· Highest spectral efficiency for CQI based on 10-5 BLER target for URLLC is no more than 772/1024*6
· Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6
· It doesn’t necessarily mean that the CQI table introduced for eMBB can not be directly reused for URLLC – it’s still a separate discussion
· Note that 
· Whether or not to have two tables or a single table covering both BLER targets is a separate issue

Agreements:
· In total, there are two CQI tables for URLLC CQI reporting
· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC
· Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned
· The new table will have entries corresponding to BLER target 10-5
· For CSI reporting, the CQI field is 4-bit.

Agreements:
· For BLER 10-5, 
· Companies are encouraged to perform simulations for the new CQI table for URLLC, including
· The lowest SE entry 
· E.g., 30~50/1024*2
· Note that the highest SE entry of no more than 772/1024*6 is already agreed
· Consider using approximately equally spaced SNR values
· Other options are not precluded
· Whether or not some existing CQI entries for BLER 10-1 can be reused
· Consider exsiting CQI entires when applicable
· In total 15 CQI entries (+1 OOR entry)
· In performing the simulations, consider
· Fading channel (TDL-A, 30ns) & (TDL-C, 300ns)
· Other options are not precluded
· Payload of 32 bytes
· Other payload sizes can also be considered, up to each company
· SNR at 5% geometry for the lowest SE entry
· Other options are not precluded
· For other simulation assumptions, refer to agreements from RAN1#92
· Similar considerations are also applicable to the MCS table evaluations 

In this contribution, we discuss the design of CQI and MCS tables for URLLC.
[bookmark: _Ref178064866]2.	Discussion
[bookmark: _Toc498351134]Below we discuss different aspects of CQI and MCS tables suitable for URLLC. TBS determination is also discussed briefly.
2.1. CQI table
As it was agreed, RAN1 has to define second CQI table for URLLC corresponded to target BLER 10-5. Due to much lower target BLER for URLLC, it is reasonable to focus on the entries with low modulation orders and code rates. We propose the second CQI table based on a modification of the CQI table adopted for NR eMBB for UE supporting up to 64 QAM (see Table 1). The modification is done such that some high efficiency entries are removed to make a room for some new entries with lower code rate than CQI Index 1. The proposed CQI table is given in Table 2 where the two new entries are chosen for target BLER= 10-5 to maintain roughly equal SNR spacing of 2 dB between CQI index 3, 4 and the new CQI entries, namely CQI index 1 and 2 (see e.g. Figure 1).
Since CQI estimation is based on short term measurements, and the error margin is high when SNR is low, the accuracy of first few CQI entries is supposed to be low. Therefore, introduction of more entries at lower end may not bring any benefit because UE will not be able to distinguish them at needed accuracy. At the same time, most of the users in a cell usually operate under relatively good radio conditions and rougher CQI reporting for these users may lead to the spectral efficiency reduction.
[bookmark: _Toc513794207]At low SINR the CQI estimation is inaccurate, thus finer CQI granularity at lower end may not bring any benefit.
Note that according to previous RAN1 agreements, RRC signalling is used by gNB to select one of the two target BLER and the configuration of target BLER is part of CSI report setting. Thus, since each of two CQI table is designed for a certain target BLER, a CQI table to be used should be implicitly connected to configured target BLER for CSI process.
[bookmark: _Toc506395778][bookmark: _Toc506395788][bookmark: _Toc506554114][bookmark: _Toc506569108][bookmark: _Toc510716001][bookmark: _Toc510716057][bookmark: _Toc510718761][bookmark: _Toc510718989][bookmark: _Toc513794212]Selection of CQI table for URLLC should be done implicitly based on configured target BLER for CSI process.



[bookmark: _GoBack]Table 1 - 4-bit CQI Table for eMBB and URLLC BLER target 10-1
	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 2 – Proposed 4-bit CQI Table for URLLC target BLER 10-5
	CQI index 
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	32
	0.0625

	2
	QPSK
	50
	0.0977

	3
	QPSK
	78
	0.1523

	4
	QPSK
	120
	0.2344

	5
	QPSK
	193
	0.3770

	6
	QPSK
	308
	0.6016

	7
	QPSK
	449
	0.8770

	8
	QPSK
	602
	1.1758

	9
	16QAM
	378
	1.4766

	10
	16QAM
	490
	1.9141

	11
	16QAM
	616
	2.4063

	12
	64QAM 
	466 
	2.7305 

	13
	64QAM
	567
	3.3223

	14
	64QAM
	666
	3.9023

	15
	64QAM
	772
	4.5234



[image: ]
Figure 1. Modulation capacity vs SNR (equal SNR spacings of consecutive CQIs)

[bookmark: _Toc502930152][bookmark: _Toc503166886][bookmark: _Toc506395780][bookmark: _Toc506395790][bookmark: _Toc506554116][bookmark: _Toc506569110][bookmark: _Toc510716002][bookmark: _Toc510716058][bookmark: _Toc510718763][bookmark: _Toc510718991][bookmark: _Toc513794213]Adopt Table 2 as the CQI table for URLLC reporting target BLER 10-5.
We emphasize that the two new CQI entries are added to support the target BLER 10-5 relevant for URLLC, rather than to cover extremely low SNR operation. It is not necessary to introduce an excessive number of new CQI entries since with the maximum number of supported PRBs specified [5], it may not even be possible to operate URLLC for some configurations with too low code rate due to lack of resources.
Based on our IMT-2020 self-evaluation contribution [6], we get the 5th percentile DL SINR (Q-value) for
· Configuration A (fc=4GHz): 0.42 dB (UMa A) and 0.32 dB (UMa B)
· Configuration B (fc= 700MHz): -0.6 dB (UMa A) and -0.95 dB (UMa B)
[bookmark: _Hlk509563437]It also must be considered that PDCCH link adaptation is based on CQI reports and control performance must be covered by CQI SINR range as well. PDCCH simulation results were shown in [7].
Table 3: SNR required (dB) to achieve 10-5 BLER target for PDCCH
	Assumption
	DCI 40 bits

	
	AL16
	AL8
	AL4

	4GHz, 4Rx, TDL-A 30ns, 2os
	-5.6628
	-3.2176
	-0.1901

	0.7GHz, 2Rx, TDL-A 30ns, 2os
	-1.8761
	 1.5211
	 4.9925

	4GHz, 4Rx, TDL-C 300ns, 2os
	-6.8126
	-4.2021
	-0.9837

	0.7GHz, 2Rx, TDL-C 300ns, 2os
	-3.4086
	-0.6371
	 3.5671



To fulfill SINR target as outlined in the simulation assumption in the appendix, PDCCH and PDSCH BLER of 10-5 should be achieved at SNR lower than the corresponding Q-value for each scenario. To make it possible, UE should be able to report SINR below Q-value and help gNb to distinguish ALs of PDCCH. As it could be seen from simulation results in Appendix A for 700 MHz carrier, the MCS performances at 10-5 BLER corresponded to CQI efficiencies (CQI1 ≡ MCS0, CQI2 ≡ MCS2 and CQI3 ≡ MCS4) span across Q value as well as across SINRs for different aggregation levels of PDCCH at BLER 10-5. 
[bookmark: _Toc513794208]At least for 700 MHz, proposed CQI entries cover Q-value as well as SINR points corresponded to PDCCH performance at 10-5 BLER for AL16 and AL8.
The simulation results for all CQI entries from Table 2 are shown in Appendix B.
3. MCS table
Based on the agreement [3] that a separate CQI table for 10-5 BLER target should be specified, it is natural to define corresponding MCS table for the same BLER target. Since the MCS table in NR contains explicit information about code rate and modulation order similarly to those in the CQI table, it is reasonable to construct the MCS table using the entries in the CQI table. For URLLC, the main goal is to have the MCS table which contains MCSs with sufficiently low code rate. At the same time mini-slots transmissions are supposed to be short in time, but wide in frequency, therefore one should not pick too low code rates because it can limit their usage. High efficiency rates must be represented in MCS table as well to not limit spectrum efficiency in good radio conditions. 
If two MCS tables are supported for URLLC, the MCS table to be used can be RRC configured similar to how the selection of either 64QAM or 256QAM MCS table is performed. 
[bookmark: _Toc498707011][bookmark: _Toc498726863][bookmark: _Toc498726869][bookmark: _Toc498707012][bookmark: _Toc498726864][bookmark: _Toc498726870][bookmark: _Toc502915089][bookmark: _Toc502928038][bookmark: _Toc502928880][bookmark: _Toc502929949][bookmark: _Toc502930153][bookmark: _Toc503166887][bookmark: _Toc506395781][bookmark: _Toc506395791][bookmark: _Toc506554117][bookmark: _Toc506569111][bookmark: _Toc510716003][bookmark: _Toc510716059][bookmark: _Toc510718765][bookmark: _Toc510718993][bookmark: _Toc513794214][bookmark: _Toc498726865][bookmark: _Toc498726871]Selection of MCS table for URLLC should be UE-specific RRC configured.
Due to high reliability requirement of URLLC, MCSs with low modulation and code rates are most relevant and it is reasonable to construct the MCS table based on the regular table for UE supporting only up to 64QAM. We can construct MCS table, e.g. considering only a subset of the entries up to 64 QAM and 2/3 code rate. Moreover, it is important that code rate of the lowest MCS is sufficiently low to achieve reliability target with a single-shot transmission. Therefore, the MCS table for 10-5 BLER should contain new MCSs with lower code rate than the lowest one in the regular MCS table. The proposed MCS table for PDSCH is given in Table 4 where MCS indices are chosen according to the configured target BLER for URLLC.
For UL CP-OFDM, we propose to use the same MCS tables as for PDSCH, since both are based on CP-OFDM.
For UL DFT-s-OFDM waveform, pi/2 BPSK entries shall be considered in the MCS table, keeping the same structure in NR. To maximize reuse of entries we prefer to keep the number of pi/2-BPSK entries low, preferably one or two entries. Considering that pi/-2 BPSK is introduced to improve peak-to-average ratio, not to decrease spectral efficiency, we change the two lowest entries of Table 3 into two pi/2-BPSK entries by doubling the target code rate.
[bookmark: _Toc502928039][bookmark: _Toc502928881][bookmark: _Toc502929950][bookmark: _Toc502930154][bookmark: _Toc503166888][bookmark: _Toc506395782][bookmark: _Toc506395792][bookmark: _Toc506554118][bookmark: _Toc506569112][bookmark: _Toc510716004][bookmark: _Toc510716060][bookmark: _Toc510718766][bookmark: _Toc510718994][bookmark: _Toc513794215]Use Table 4 as the MCS table for PDSCH and PUSCH with CP-OFDM for URLLC. 
[bookmark: _Toc502928040][bookmark: _Toc502928882][bookmark: _Toc502929951][bookmark: _Toc502930155][bookmark: _Toc503166889][bookmark: _Toc506395783][bookmark: _Toc506395793][bookmark: _Toc506554119][bookmark: _Toc506569113][bookmark: _Toc510716005][bookmark: _Toc510716061][bookmark: _Toc510718767][bookmark: _Toc510718995][bookmark: _Toc513794216]Use Table 5 as the MCS table for PUSCH with DFT-s-OFDM for URLLC. 

[bookmark: _Ref498720735]Table 4 - Modulation and code rate table for PDSCH and PUSCH with CP-OFDM for URLLC for BLER 10^-5
	[bookmark: _Hlk498334581]MCS Index
[image: ]
	Modulation Order
[image: ]
	Code rate 
× 1024
	Spectral
efficiency

	0
	2
	32
	0.0625

	1
	2
	41
	0.0801

	2
	2
	50
	0.0977

	3
	2
	64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	  0.2344

	7
	2
	157
	  0.3066

	8
	2
	193
	  0.3770

	[bookmark: _Hlk498334616]9
	2
	251
	  0.4902

	10
	2
	308
	  0.6016

	11
	2
	379
	  0.7402

	12
	2
	449
	  0.8770

	13
	2
	526
	  1.0273

	14
	2
	602
	  1.1758

	15
	2
	679
	  1.3262

	16
	4
	378
	  1.4766

	17
	4
	434
	  1.6953

	18
	4
	490
	  1.9141

	19
	4
	553
	  2.1602

	20
	4
	616
	  2.4063

	21
	4
	658
	  2.5703

	22
	6
	466
	  2.7305

	23
	6
	517
	  3.0293

	24
	6
	567
	  3.3223

	25
	6
	616
	  3.6094

	26
	6
	666
	  3.9023

	27
	6
	719
	  4.2129

	28
	6
	772
	  4.5234

	29
	2
	reserved

	30
	4
	

	31
	6
	




[bookmark: _Ref498731733]Table 5 - Modulation and code rate table for PUSCH with DFT-s-OFDM for URLLC for BLER 10^-5
	MCS Index
[image: ]
	Modulation Order
[image: ]
	Code rate 
× 1024
	Spectral
efficiency

	0
	1
	64
	0.0625

	1
	1
	82
	0.0801

	2
	1, 2
	100, 50
	0.0977

	3
	1, 2
	128, 64
	0.1250

	4
	2
	78
	0.1523

	5
	2
	99
	0.1934

	6
	2
	120
	  0.2344

	7
	2
	157
	  0.3066

	8
	2
	193
	  0.3770

	9
	2
	251
	  0.4902

	10
	2
	308
	  0.6016

	11
	2
	379
	  0.7402

	12
	2
	449
	  0.8770

	13
	2
	526
	  1.0273

	14
	2
	602
	  1.1758

	15
	2
	679
	  1.3262

	16
	4
	378
	  1.4766

	17
	4
	434
	  1.6953

	18
	4
	490
	  1.9141

	19
	4
	553
	  2.1602

	20
	4
	616
	  2.4063

	21
	4
	658
	  2.5703

	22
	6
	466
	  2.7305

	23
	6
	517
	  3.0293

	24
	6
	567
	  3.3223

	25
	6
	616
	  3.6094

	26
	6
	666
	  3.9023

	27
	6
	719
	  4.2129

	28
	1
	Reserved

	29
	2
	

	30
	4
	

	31
	6
	



Note that the MCS indices marked with red above are the pi/2 BPSK entries which correspond to the modulation and code rate values marked in red in the table.
Since specific DCI is expected to be used for URLLC, it is also reasonable to limit the size of MCS table for URLLC to reduce the amount of signaling bits in DCI to make a room for other fields. For example, we can limit the size of MCS table to be 4-bit large using the MCS entries from the CQI table. Note that there is a tradeoff between scheduling flexibility and the size of MCS table. The reduced set of modulation order and reduced MCS set is in some sense similar to those of LTE MTC and NB-IoT. However, there can be more of new MCSs with lower code rates than the lowest supported in the regular table included in the URLLC MCS table due to the strict reliability requirement.
[bookmark: _Toc498707013][bookmark: _Toc497831486][bookmark: _Toc497831576][bookmark: _Toc497831704][bookmark: _Toc497841432][bookmark: _Toc498351137][bookmark: _Toc498351154][bookmark: _Toc498436935][bookmark: _Toc498437144][bookmark: _Toc498508027][bookmark: _Toc498524725][bookmark: _Toc498619224][bookmark: _Toc498677120][bookmark: _Toc498726866][bookmark: _Toc498726872][bookmark: _Toc502915090][bookmark: _Toc502928041][bookmark: _Toc502928883][bookmark: _Toc502929952][bookmark: _Toc502930156][bookmark: _Toc503166890][bookmark: _Toc506395784][bookmark: _Toc506395794][bookmark: _Toc506554120][bookmark: _Toc506569114][bookmark: _Toc510716006][bookmark: _Toc510716062][bookmark: _Toc510718768][bookmark: _Toc510718996][bookmark: _Toc513794217]Further consider limiting the size of MCS table(s) for URLLCs to be smaller than 5 bits, taking into account scheduling flexibility.
As we mentioned above, from our IMT-2020 self-evaluation contribution [6], we get the 5th percentile DL SINR (Q-value) for
· Configuration A (fc=4GHz): 0.42 dB (UMa A) and 0.32 dB (UMa B)
· Configuration B (fc= 700MHz): -0.6 dB (UMa A) and -0.95 dB (UMa B)
And for UL SINR, the Q-value for 
· Configuration A (fc=4GHz): 1.67 dB (UMa A) and 2.48 dB (UMa B)
· Configuration B (fc= 700MHz): 1.33 dB (UMa A) and 1.13 dB (UMa B)
Considering Configuration B as the most limiting case we provide simulation results for this scenario in Appendix A. Both contiguous and distributed allocations were considered. As it could be seen the MCS performances at 10-5 BLER cover Q-value. It must be noted that performance of MCS6 from new table (legacy MCS0) at 10-1 BLER is supposed to be 1 dB higher than MCS5 presented in results. Since Q-value is valid for both target BLERs, it seems like legacy MCS0 performance is approx. 4 dB lower than Q-value for contiguous 7-os allocation at 10-1 BLER and 5.5 dB lower in case distributed 7-os allocation. Therefore, this difference can be considered as SNR margin for achieving target reliability.
[bookmark: _Toc513794209]For Configuration B the performances of proposed MCSs cover Q-value.
[bookmark: _Toc513794210]Based on relation between Q-value and performance of legacy MCS0 the SNR margin should be applied to Q-value to adopt new MCSs of low rate.
3.1	TBS determination for URLLC
With separate MCS table(s) for URLLC containing new MCS entries supporting very low code rates, TBS determination for URLLC can simply follow the same procedure as in TBS determination for eMBB data. Information about the new MCS selected by gNB can be signalled in the DCI as usual. 
[bookmark: _Toc498619226][bookmark: _Toc498677122][bookmark: _Toc498707015][bookmark: _Toc498726868][bookmark: _Toc498726874][bookmark: _Toc502915092][bookmark: _Toc502928042][bookmark: _Toc502928884][bookmark: _Toc502929953][bookmark: _Toc502930157][bookmark: _Toc503166891][bookmark: _Toc506395785][bookmark: _Toc506395795][bookmark: _Toc506554121][bookmark: _Toc506569115][bookmark: _Toc510716007][bookmark: _Toc510716063][bookmark: _Toc510718769][bookmark: _Toc510718997][bookmark: _Toc513794218]TBS determination for URLLC follows the same procedure as eMBB. 
4. Conclusion
In the previous sections we made the following observations: 
Observation 1	At low SINR the CQI estimation is inaccurate, thus finer CQI granularity at lower end may not bring any benefit.
Observation 2	At least for 700 MHz, proposed CQI entries cover Q-value as well as SINR points corresponded to PDCCH performance at 10-5 BLER for AL16 and AL8.
Observation 3	For Configuration B the performances of proposed MCSs cover Q-value.
Observation 4	Based on relation between Q-value and performance of legacy MCS0 the SNR margin should be applied to Q-value to adopt new MCSs of low rate.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Selection of CQI table for URLLC should be done implicitly based on configured target BLER for CSI process.
Proposal 2	Adopt Table 2 as the CQI table for URLLC reporting target BLER 10-5.
Proposal 3	Selection of MCS table for URLLC should be UE-specific RRC configured.
Proposal 4	Use Table 4 as the MCS table for PDSCH and PUSCH with CP-OFDM for URLLC.
Proposal 5	Use Table 5 as the MCS table for PUSCH with DFT-s-OFDM for URLLC.
Proposal 6	Further consider limiting the size of MCS table(s) for URLLCs to be smaller than 5 bits, taking into account scheduling flexibility.
Proposal 7	TBS determination for URLLC follows the same procedure as eMBB.
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Appendix A – Low rate MCSs simulation
[bookmark: _Ref477421090]Table A-1: Link level simulation assumption for MCS table simulations
	Parameters
	Value

	System bandwidth
	120 PRBs, approx. 40MHz

	Carrier Frequency
	4GHz, 700MHz

	Subcarrier spacing
	30KHz, other SCS are not precluded

	Modulation 
	QPSK

	Channel coding
	LDPC BG2, LNMS, 30 iterations

	MCS table
	Ericsson proposed for 10-5 BLER

	Transport block size
	256 bits

	Channel estimation
	Realistic (1os or 2os DMRS)

	Allocation in time
	4os, 7os

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx for 4GHz, 2Rx for 700MHz

	MIMO
	Tx Diversity (Rank 1)

	Residual target BLER 
	10-5

	Deployment
	Urban macro as listed in 3GPP 38.802

	SINR target
	5th percentile DL geometry



[image: X:\users\ealshap\temp\3gpp_june_2018\FINAL_3GPP_700MHz_7os_cont.tif][image: X:\users\ealshap\temp\3gpp_june_2018\FINAL_3GPP_700MHz_7os_distr.tif]
	Figure A.1 - Link-level simulation results for 700MHz, TDL-A 30ns, 7-os allocation.

[image: X:\users\ealshap\temp\3gpp_june_2018\FINAL_3GPP_700MHz_4os_cont.tif][image: X:\users\ealshap\temp\3gpp_june_2018\FINAL_3GPP_700MHz_4os_distr.tif]
Figure A.2 -  Link-level simulation results for 700MHz, TDL-A 30ns, 4-os allocation

Appendix B – CQI table simulation
Link level simulation has been performed using the proposed CQI tables. The achievable spectral efficiency (bits/symbol) for different MCSs in the CQI table with 10-5 target BLER are shown as a function of SNR for AWGN and TDL-C channel. Simulation assumption is summarized in the table below.
Table A-1: Link level simulation assumption
	Parameters
	Value

	System bandwidth
	20 MHz

	Carrier Frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Modulations
	QPSK, 16QAM, 64QAM

	Channel coding
	LDPC: LNMS, SF=0.7, 25 iterations

	Allocation in time
	Slot transmission 7os (6os for data)

	Allocation in frequency
	2160 REs (30PRBs) for two lowest efficiencies.
1080 REs (15 PRBs) for the rest

	Channel estimation
	Ideal

	Channel model
	AWGN and 
TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	1Tx

	Number of UE antennas
	2Rx



We assumed 1080 REs allocation. For the new two CQI entries, 2160 REs were assumed reflecting how more resources is needed for very low code rate. The MCS samples in the CQI table provide good spacing in all SNR region as shown in Fig. B.1 and B.2. Performance of MCSs overlapped with CQI table for TDL-C channel is shown on Fig. B.3. 

	[image: ]
Figure B.1 - Spectral efficiency for the proposed CQI table at target BLER=10-5, AWGN
	[image: ]
Figure B.2 - Spectral efficiency for the proposed CQI table at target BLER=10-5, TDL-C
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Figure B.3 - Performance of MCSs overlapped with CQI table for TDL-C channel
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