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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The objective of the NR WI is to specify NR functionalities for eMBB and URLLC. For URLLC, the target is to meet the performance requirements on latency and reliability set forth by [1]. In the RAN1#NR AH3 and RAN1#90bis, the agreement about CSI is achieved as followed.
Agreement based on [2], Support A-CSI on short PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering, [working assumption: including with Y>0]
· FFS: timing relationship relative to CSI-RS
Agreement based on [3]:
Two separate CQI tables are supported for eMBB 
One for maximum modulation order is 256-QAM
One for maximum modulation order is 64-QAM
The target BLER for CQI tables is 10%
Note: RRC signalling is used by gNB to select one of the above two tables
and
N separate CQI table(s) are supported for URLLC
Downselect the value of N between 1 or 2
Two target BLER are supported for URLLC
Note: RRC signaling is used by gNB to select one of the two target BLER
Note: The configuration of target BLER or CQI table is part of CSI report setting 
In this contribution, we discuss the URLLC CQI table and the aspects of link adaptation and CSI reporting enhancement for URLLC transmission, which may be the key aspects to optimize system capacity within strict latency and reliability.
CQI table for URLLC
Methodology
According to the agreement in the last meeting [3], two target BLERs are supported for URLLC. Similar to the CQI table discussion in LTE, a polynomial approximation is performed for the efficiency vs. SNR based on LLS as follows:
· For each modulation, we obtain by simulation the waterfall curve 
· Evaluation Metric 1 - BLER vs. SNR for a range of TBS+CRC size with the physical resource allocation of 4 PRBs: The special parameters of Metric 1 are shown in Table 1 and the general parameters are in Annex A.
· Evaluation Metric 2 - BLER vs. SNR for a range of numbers of PRB allocations, with the TBS+CRC of 280bits: The detailed evaluation parameters of Metric 2 are shown in Table 2 and the general parameters is in Annex A.
· For each waterfall curve, the SNR for 1e-1 BLER, 1e-2 BLER, 1e-3 BLER, 1e-4 BLER, 1e-5 BLER are extracted.
· For each modulation, a polynomial fit is performed to get a fitted function, i.e., efficiency = f (SNR).
Table 1 the special parameters of Metric 1
	Parameters
	Value

	Data Channel Parameters 
	· OFDM data symbols Per RB: 11
· Subcarrier number per RB: 12
· DMRS Res Per RB: 12
· RB numbers:4
Note: total available RE = 4(RB) x 12(SC) x 11(Symbols) – 4(RB) x 12(DMRS Res) = 480

	QPSK
	· Information Bit Length K = [40：8：864 ] (K including 24 bits CRC)
· Coded Bit Length M = 480 x 2 = 960 bits

	16 QAM:
	· Information Bit Length K = [384:  8: 1728] (K including 24 bits CRC),
· Coded Bit Length M = 480 x 4 = 1960 bits



Table 2 the special parameters of Metric 2
	Parameters
	Value

	Information Bit Length K
	280 (K including 24 bits CRC)

	Data Channel Parameters 
	· OFDM data symbols Per RB: 11
· Subcarrier number per RB: 12
· DMRS Res Per RB: 12
· RB numbers: Z
Note: total available RE = Z(RB) x 12(SC) x 11(Symbols) – Z(RB) x 12(DMRS Res) = 120Z

	Code rate
	R = [0.01:0.005:0.1, 0.15:0.05:0.9], the R is used to achieve Z(RB) for QPSK and 16QAM



Proposal 1: For evaluation of CQI table for URLLC, the evaluation Metric should be down selected between Metric 1 and Metric 2
· Metric 1: It is of BLER vs. SNR for a range of TBS+CRC size, with the physical resource allocation of 4 PRBs
· Metric 2: It is of BLER vs. SNR for a range of physical resource allocation of PRB number, with the TBS+CRC of 280bits. 
Simulation results
With the above discussion, by using the polynomial fitting, we provide the simulation result for 1e-1 BLER and 1e-5 BLER in Figure 1 and Figure 2.  
[image: ][image: ]  
                            (a) 1e-1 BLER                                                             (b) 1e-5 BLER
Figure 1 Result of 1e-1 BLER and 1e-5 BLER based on Metric 1
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                            (a) 1e-1 BLER                                                          (b) 1e-5 BLER
Figure 2 Result of 1e-1 BLER and 1e-5 BLER based on Metric 2
In Figure 1 and Figure 2, it could be observed:
· When the SNR is -8dB, the coding rate is about 0.08 at 1e-1 BLER and it is about 0.04 at 1e-5 BLER in Figure 1. There are different coding rates between 1e-1 and 1e-5; this is because the coding rate is related to meet different BLER targets of different UEs within one transmission. Hence, since the 1e-1 BLER for eMBB and other BLER for URLLC, the URLLC CQI table should be designed independent of eMBB CQI table.
· When the efficiency is 0.02, the SNR is about -4.1 dB in Figure 1(b) and SNR is about -5.4 dB in Figure 2(b). Therefore, for cell-edge UEs or UEs in bad channel condition (SNR < -5 dB), the CQI table and MCS determination should cover such lower coding rate than 0.1 to meet URLLC reliability requirement.
· Besides, the Polar has a little better efficiency than LDPC when low code rate or small packet in Figure 1 and Figure 2.
Observation 1:  The 1e-1 BLER CQI table cannot cover low code rate and efficiency of 1e-5 BLER.
Observation 2: Lower coding rate entries smaller than 0.1 are needed for CQI reporting to meet URLLC reliability requirement.
Observation 3:  Polar has better efficiency than LDPC at low code rate or for small packet size.
Based on above observations, we proposal:
Proposal 2:  Lower coding rate entries smaller than 0.1 are needed for CQI reporting.
Proposal 3:  The CQI table for URLLC should be designed independent of CQI table for eMBB.
With the above discussion, the following CQI table can be produced according to Table 3. 
Table 3 the principle produced CQI for Metric 1 and Metric 2
	Parameter
	Value

	1st point
	-8 dB as the 1st point, 10 dB as the last point

	dB step
	setting the spacing to 1.286 dB



Then, the CQI table of 1e-5 BLER is shown in Figure 3 when Metric 1 and Metric 2. Then detailed information and the CQI table of 1e-1 BLER are provided in Annex B. URLLC channel coding should be a combination of polar and LDPC, as discussed in [4].
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(a) CQI table based on Metric 1                                      (b) CQI table based on Metric 2
Figure 3 Polar and LDPC CQI Table when 1e-5 BLER
[bookmark: _Ref129681832]Discussion on link adaptation for URLLC transmission
If accurate link adaption is not available to URLLC, URLLC data has to be scheduled in a conservative way which may lead to low resource utilization. Hence, the link adaption is beneficial to improve the URLLC capacity. Similar with LTE, the link adaption could include the adjustment of MIMO schemes, precoding and MCS. Of course, the link adaption mainly depends on the CSI feedback from UE in FDD system. The CSI content can be RI, PMI, CQI and other channel quality information.
CQI report scheme
Reference repetition number
CSI reporting design in LTE can be a starting point for NR URLLC. In order to realize coding rate lower than 0.1, gNB can schedule multiple repetitions within one transmission, which can be aggregated flexibly in time and frequency domain. The BLER of one transmission is around 1e-1 under legacy CQI table. Especially, with the more repetitions are scheduled, the lower actual coding rate and BLER will be achieved. Thus, gNB can control the BLER by different repetition numbers to support different target BLERs of variable URLLC services. However, the repetition number, which is related to the BLER of one short transmission, has an important impact on the reliability and spectrum efficiency performance. Thus, some additional information is needed to help gNB decide the optimized repetition number. For example, UE can report a reference repetition number X in addition to one CQI table. As shown in Figure 4, with the information of reference repetition number, gNB can schedule a suitable repetition number K according to the actual target BLER requirement of different URLLC traffic. 
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Figure 4 Illustration of how to achieve a target BLER based on legacy CQI/MCS
The reference repetition number X is defined as the required repetition number to achieve a reference target BLER (e.g., 1e-5) under a given BLER (e.g., 1e-1) of initial transmission. 
As shown in above Figure 3, the coding rate achieving 99.999% reliability is approximately 1.5 times smaller than that achieving a 90% reliability for the same SINR, i.e., a repetition number of 1.5 is necessary for a 99.999% reliability with a 1e-1 BLER for each repetition transmission. Besides, the ratio is independent of SINR and MCS. The practical reference repetition number may be different in consideration of the channel condition and the receiver implementation. Therefore, URLLC UE can report the ratio (i.e., reference repetition number K) and the legacy CQI to help gNB select an appropriate MCS index and repetition number to support different target BLERs for variable URLLC services.  
The information of repetition number X can be reported via higher layer signaling (e.g., RRC,  MAC CE) or L1 signaling (e.g., along with the legacy CQI reporting or using low latency CSI (LL-CSI) as discussed in our companion contribution [4]). With the reported reference repetition number, extension of the legacy CQI/MCS table may not be needed.
CQI Table Extension
The CQI table is possible to extension for supporting multiple BLERs, e.g., covering coding rates lower than 0.1 and supporting CQI for the two BLER requirements. 
Firstly, additional CQI indexes can be defined to cover lower coding rates, e.g., extending the number of CQI indexes from 16 to 32. However, the lower BLER CQI values may not be necessary for all URLLC UEs because the UE is not in the cell edge. If the one BLER value is 1e-1, legacy CQI values in LTE can be used at the baseline of the CQI table and the additional CQI values covering the lower coding rates can be selected according to the other target BLER, as shown in Table 4. When UE initially gets access to the network, only the legacy CQI values are valid and the same signaling as LTE can be applied. When the legacy CQI values cannot match the channel condition, the UE can trigger gNB to reconfigure a new CQI table, or gNB can directly reconfigures the new CQI table to UE. 
Table 4 one CQI table for two BLER by Metric 1
	CQI index
	Modulation
	coding rate x 1024
	Efficiency
	BLER

	0
	out of range 
	

	1
	QPSK
	0.1592
	82
	1e-1

	2
	QPSK
	0.21117
	108
	

	3
	QPSK
	0.27591
	141
	

	4
	QPSK
	0.36193
	185
	

	5
	QPSK
	0.47372
	243
	

	6
	QPSK
	0.61152
	313
	

	7
	QPSK
	0.77563
	397
	

	8
	QPSK
	0.966
	495
	

	9
	QPSK
	1.1765
	602
	

	10
	QPSK
	1.392
	713
	

	11
	QPSK 
	1.595
	817
	

	12
	16QAM
	1.9054
	488
	

	13
	16QAM
	2.2431
	574
	

	14
	QPSK
	0.083579
	43
	1e-5

	15
	QPSK
	0.11465
	59
	



Secondly, the agreed different CQI tables can be designed for different target BLERs or different services. Legacy CQI table is specifically designed for a target BLER of 1e-1. As shown in Table 5, different CQI tables based on a series of BLER targets can be further introduced for NR, e.g., for 1e-3 BLER. Another example is that legacy CQI table is designed for eMBB UEs and another table can be introduced for URLLC UEs. 
Table 5 Extended CQI table
	CQI index
	BLER @1e-1
(eMBB CQI)
	BLER @1e-2
(URLLC CQI)
	BLER @1e-5
(URLLC CQI)

	0
	Modulation00, CR00
	Modulation01, CR01
	Modulation02, CR02

	1
	Modulation10, CR10
	Modulation11, CR11
	Modulation12, CR12

	2
	Modulation20, CR20
	Modulation21, CR21
	Modulation22, CR22

	…
	…
	..
	…

	15
	…
	…
	…



Although given different channel models or different receiver implementations, the SNR difference may be still limited range. Therefore, in order to reduce signaling overhead, the introduction of CQI differential table for different target BLERs to NR should be considered. Table 6 is one instance for CQI differential table corresponding to target BLERs ranging from 1e-2 to 1e-5, assumed reference CQI with a target BLER of 1e-1. 
Table 6 CQI differential table assumed 2 bits CQI reporting
	Target BLER
10^(-n)
	CQI differential index 0
	CQI differential index 1
	CQI differential index 2
	CQI differential index 3

	1
	0
	0
	0
	0

	2
	0
	1
	2
	3

	3
	1
	2
	3
	4

	4
	2
	3
	5
	7

	5
	2
	4
	6
	8



No matter which way is adopted to extend the CQI tables, further evaluation is needed to choose a suitable coding rate and modulation value for each CQI entry. Besides, the overhead for MCS field in DCI and/or CSI reporting in UCI would be larger than LTE due to bigger table or more tables. However, in the view of URLLC, compact signaling indication with less UCI overhead is benefit for reliability, so how to compress CQI indication needs to be considered. One method is to configure small and UE-specific CQI table to UE. As listed in [5], different UEs experience different SINR regions, so UE-specific CQI table is reasonable and is able to further reduce signaling overhead. The RRC signaling could be used to report/indicate which subset of a big table; then the detailed CQI index in a given table (or a subset of the big table) is reported with L1 signaling.
As shown in Figure 5, with the extended CQI tables, gNB can schedule an appropriate MCS to achieve flexible target BLER.
 (
Scheduler
Extended CQI
(UE reported, @target BLER)
Extended MCS
 (@expected target BLER)
)
Figure 5 An illusion of how to achieve target BLER based on extended CQI/MCS
Based on the above discussion, we have the following proposal.
Proposal 4: Enhanced CQI reporting for flexible target BLER should be supported and the following options can be considered 
· Option 1: Reporting reference repetition number on the top of legacy CQI/MCS tables. 
· Option 2: CQI reporting based on extended CQI/MCS tables
· A UE-specific CQI table can be considered to reduce the signaling overhead
· Option 3: Differential CQI reporting with multiple BLER targets.
Low-latency CSI mechanism
In [4], a low-latency CSI mechanism is proposed and evaluated. The simulation results show that low-latency CSI scheme can improve the resource efficiency which is critical for the overall URLLC system capacity. Based on the low-latency CSI, the transmit power, MCS and the resource allocation for the subsequent repetitions for the same TB can be dynamically adjusted so that the target BLER can be achieved without compromising resource efficiency too much. 
In general, the CSI measurement is mainly for scheduling and MCS selection for PDSCH. Low-latency CSI as indicated by its name is mainly used to report the instantaneous channel quality. This is especially crucial for URLLC with strict latency constraint. The low-latency CSI can be used for predicting a certain transmission of a URLLC urgent burst and/or choosing proper parameters for the following transmissions. Therefore, the measurement of low latency CSI could be based the most recent data transmission. Besides, considering that the resource of URLLC transmission may be obtained by pre-empting an ongoing eMBB transmission, using the DMRS to measure the low-latency CSI is rational because this could limit the impact to preempted eMBB transmissions. This could also save the need of allocating additional resources for CSI measurement. The details of the above low latency CSI mechanism can be discussed further, e.g., definition of CSI reference resource, CSI measurement resources and interference measurement, etc.
The low-latency CSI report could be defined in different ways: a normal CSI or a differential CSI, e.g., based on the difference between the most recent data transmission and a predefined CSI report. The latter one may be beneficial from signaling overhead point of view. As another alternative, the low latency CSI can also be defined as a reference repetition number. Based on the reported repetitions number, the gNB could schedule the repetitions number for the same TB.
In the RAN1 NR AH#3, A-CSI on short PUCCH is already agreed [2]. Hence, the low-latency CSI feedback can be carried by a short PUCCH. The resource and indication for PUCCH would be higher-layer PUCCH resource configuration and DCI-based triggering, like as LTE format 3/4/5.
Proposal 5: Low-latency CSI should be supported and the following aspects can be discussed further 
· CSI measurement resources and procedures, e.g., definition of CSI reference resource
· Content of low latency CSI, e.g., normal CSI, differential CSI or reference repetition number
· Resources carrying the low latency CSI, e.g., indication of PUCCH resource for the CSI
Transmit diversity scheme
Transmit diversity provides a mechanism of achieving reliability from transmission point of view, especially when accurate CSI is hardly acquired. 
Transmit diversity scheme can be categorized into two types: 1) transparent scheme and 2) non-transparent scheme. The transparency of transmit diversity scheme depends on whether data and DMRS transmission is restricted to be with the same precoding matrix. For example, PRG-level pre-coder cycling and SD-CDD are regarded as the transparent schemes, while SFBC and RE-level pre-coder cycling are the non-transparent schemes. It is worth noting that BLER performance should be the top-priority issue for the URLLC use cases. Based on the analysis in [6], non-transparent schemes outperform transparent schemes by lower BLER given the same SNR. In particular, SFBC outperforms all the other schemes in diverse scenarios. The BLER performances of different transmit diversity schemes are shown in Figure 6, in which the simulation assumptions of URLLC in Annex C are used. It can be observed that SFBC outperforms all the other transmit diversity schemes significantly, especially at BLER=1e-5, which is the general reliability requirement for URLLC. Moderate coding rate, e.g., 1/3, is a typical case of URLLC, in which SFBC has large performance gain, compared to other transmission schemes. Based on the above analysis, URLLC should further consider transmit diversity scheme for highly reliable transmission.
Proposal 6: Transmit diversity scheme should be further studied for reliable URLLC transmission.
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Figure 6 Performance comparison of different transmit diversity schemes for URLLC.
Multi-antenna scheme with PMI and RI feedback
When the URLLC traffic load is high, transmit diversity scheme may result in higher outage due to its lower spectral efficiency. In order to achieve low latency with ultra-reliable requirement especially for heavier URLLC traffic load, beam-forming would be particularly appealing, given the large number of antennas envisioned for NR.
Figure 7 shows the system simulation results for outage ratio and capacity of URLLC for different transmission schemes with packet arrival rate equal to 700packets/sec per UE. More detailed simulation assumptions can be found in the Annex D.  
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Figure 7 Performance comparisons of different multi-antenna techniques.
As shown in Figure 7, option 1 is transmit diversity scheme with SFBC, option 2 is beam-forming scheme with wideband PMI feedback, option 3 is beam-forming scheme with sub-band PMI feedback. In the case of 99.99% reliability target, the option 2 decreases the 18.5% outage ratio and option 3 decreases the 31% outage ratio compared with option 1. Similar trend could be observed to URLLC capacity. The option 2 achieves 38.1% URLLC capacity gain and option 3 achieves 60.3% URLLC capacity gain more than option 1. Compared with transmit diversity scheme, more packets could be transmitted successfully within 1 ms by using beam-forming scheme. The reason is that higher SINR can be achieved by beam-forming scheme than transmit diversity scheme at target receiver.
Observation 5: Beam-forming scheme have lower outage ratio and higher URLLC capacity compared with transmit diversity scheme, especially when URLLC traffic load is heavy.
In order to better support beam-forming operation, UE can be configured to report PMI and RI in addition to CQI reporting. There are two types of CSI reports in LTE, i.e., aperiodic and periodic. Although aperiodic feedback can carry more CSI information than periodic feedback, aperiodic feedback will introduce the extra delay to feedback the beam-forming of sporadic URLLC transmission if the low-latency CSI is not applied to URLLC. For example, once a DL URLLC packet arrives, gNB needs to send a UL grant first to request an aperiodic CSI report for beam-forming information, and then wait for the CSI feedback from UE to prepare corresponding DL transmission. In terms of aperiodic CSI and periodic CSI, a trade-off exists between the amount of feedback overhead and the feedback accuracy. For example, although fine resolution in the frequency domain allows good exploitation of precoding gain, it will lead to increased feedback overhead and potentially longer feedback period in the UL at the same time. Considering the above discussion, the periodic feedback may be suitable to enable beam-forming of URLLC transmission. However, the feedback scheme needs to be enhanced for URLLC transmission considering the overhead and feedback accuracy.
Proposal 7: Besides transmit diversity, beam-forming with enhanced periodic feedback scheme should be considered for URLLC transmission.
Conclusions
In this contribution, we discussed the URLLC CQI table and the aspects of link adaptation and CSI reporting enhancement for URLLC transmission. The following observations and proposals are reached:
Observation 1:  The 1e-1 BLER CQI table cannot cover low code rate and efficiency of 1e-5 BLER.
Observation 2: Lower coding rate entries smaller than 0.1 are needed for CQI reporting to meet URLLC reliability requirement.
Observation 3:  Polar has better efficiency than LDPC at low code rate or for small packet size.
Observation 4: Beam-forming scheme have lower outage ratio and higher URLLC capacity compared with transmit diversity scheme, especially when URLLC traffic load is heavy.
Proposal 1: For evaluation of CQI table for URLLC, the evaluation Metric should be down selected between Metric 1 and Metric 2
· Metric 1: It is of BLER vs. SNR for a range of TBS+CRC size, with the physical resource allocation of 4 PRBs
· Metric 2: It is of BLER vs. SNR for a range of physical resource allocation of PRB number, with the TBS+CRC of 280bits. 
Proposal 2:  Lower coding rate entries smaller than 0.1 are needed for CQI reporting.
Proposal 3:  The CQI table for URLLC should be designed independent of CQI table for eMBB.
Proposal 4: Enhanced CQI reporting for flexible target BLER should be supported and the following options can be considered 
· Option 1: Reporting reference repetition number on the top of legacy CQI/MCS tables. 
· Option 2: CQI reporting based on extended CQI/MCS tables
· A UE-specific CQI table can be considered to reduce the signaling overhead
· Option 3: Differential CQI reporting with multiple BLER targets.
Proposal 5: Low-latency CSI should be supported and the following aspects can be discussed further 
· CSI measurement resources and procedures, e.g., definition of CSI reference resource
· Content of low latency CSI, e.g., normal CSI, differential CSI or reference repetition number
· Resources carrying the low latency CSI, e.g., indication of PUCCH resource for the CSI
Proposal 6: Transmit diversity scheme should be further studied for reliable URLLC transmission.
Proposal 7: Besides transmit diversity, beam-forming with enhanced periodic feedback scheme should be considered for URLLC transmission.
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Annex A
Table 8 the special parameters of Metric 1
	Parameters
	Value

	Coding Scheme
	· Polar: GA Puncture, With longer mother code length(>1024 for 16 QAM), CA-List8
· LDPC: eMBB BG2, LOMS with iteration=20

	Channel 
	AWGN

	Target BLER
	1e-1, 1e-2, 1e-3,1e-4, 1e-5

	HARQ
	Single transmission only

	RV
	0

	Antenna configuration
	1Tx and 1Rx

	Efficiency
	Bit per RE



Annex B
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Figure 8a Polar and LDPC CQI Table when 1e-1 target BLER based on Metric 1
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Figure 8b Polar and LDPC CQI Table when 1e-2 target BLER based on Metric 1
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Figure 8c Polar and LDPC CQI Table when 1e-3 target BLER based on Metric 1
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Figure 8d Polar and LDPC CQI Table when 1e-4 target BLER based on Metric 1
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Figure 8e Polar and LDPC CQI Table when 1e-5 target BLER based on Metric 1
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Figure 9a Polar and LDPC CQI Table when 1e-1 target BLER based on Metric 2
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Figure 9b Polar and LDPC CQI Table when 1e-2 target BLER based on Metric 2
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Figure 9c Polar and LDPC CQI Table when 1e-3 target BLER based on Metric 2
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Figure 9d Polar and LDPC CQI Table when 1e-4 target BLER based on Metric 2
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Figure 9e Polar and LDPC CQI Table when 1e-5 target BLER based on Metric 2

Annex C
Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4G

	Modulation and coding rate
	QPSK,1/3

	User bandwidth
	4RB

	DMRS bundling size
	SFBC：4RB
SDCDD：4RB
PRG LEVEL CYCLYING：4RB (RBG Size = 4RB)
4port RE LEVEL CYCLYING：1RB

	Sub-carrier spacing
	60k

	TTI length
	0.25ms

	OFDM symbols per TTI
	14

	Channel model
	CDL-A in TR38.900; user speed = 3km/h

	Delay spread
	300ns

	BS antenna configuration
	(M, N, P, Mg, Ng)= (4, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ

	BS TXRU configuration
	(M, N, P, Mg, Ng)= (2, 2, 2, 1, 1)

	UE antenna elements
	(M, N, P, Mg, Ng)= (1,1, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ

	UE TXRU configuration
	(M, N, P, Mg, Ng)= (1, 1, 2, 1, 1)

	TXRU Virtualization
	TR36.897

	PHY Packet size
	32 byte

	Channel estimation
	Realistic

	Code Book
	R14 Class A Config. 2

	PMI feedback period
	1.25ms



Annex D
System level evaluation assumptions 
	Parameters
	Urban Macro

	Bandwidth
	Total 20MHz, coexist region 15MHz

	Numerology
	60kHz SCS, 7symbol slot

	Number of max HARQ times
	2

	Inter-gNB distance 
	500 m

	Carrier frequency 
	4 GHz

	Channel model
	36.873 3D UMa

	gNB Tx power
	46 dBm per 20 MHz

	Number of antennas
	8Tx2R

	gNB antenna configurations
	See 38.802, table A.2.1-4.

	gNB antenna height 
	25 m

	gNB antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	gNB receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	URLLC: FTP Model 3 with packet size 32 bytes 

	UE distribution
	20% Outdoor in cars:   30 km/h,
80% Indoor:                   3 km/h
URLLC:                       10 UE/sector
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0- - - - - - - - - 0- -

1 -8 0.1592 82 0 0 0.1184 61 0 0 1 0.1592 82

2 -6.7143 0.21117 108 0 0 0.16493 84 0 0 2 0.21117 108

3 -5.4286 0.27591 141 0 0 0.22986 118 0 0 3 0.27591 141

4 -4.1429 0.36193 185 0 0 0.31773 163 0 0 4 0.36193 185

5 -2.8571 0.47372 243 0 0 0.43207 221 0 0 5 0.47372 243

6 -1.5714 0.61152 313 0 0 0.5757 295 0 0 6 0.61152 313

7 -0.28571 0.77563 397 0 0 0.74845 383 0 0 7 0.77563 397

8 1 0.966 495 0.82227 211 0.9465 485 0 0 8 0.966 495

9 2.2857 1.1765 602 1.0447 267 1.1628 595 0.98139 251 9 1.1765 602

10 3.5714 1.392 713 1.3079 335 1.3834 708 1.2686 325 10 1.392 713

11 4.8571 1.595 817 1.5985 409 1.5797 809 1.5778 404 11 1.595 817

12 6.1429 1.7663 904 1.9078 488 1.7229 882 1.9054 488 12 1.9054 488

13 7.4286 0 0 2.233 572 0 0 2.2431 574 13 2.2431 574

14 8.7143 0 0 2.5711 658 0 0 2.5872 662 14 2.5872 662

15 10 0 0 2.9125 746 0 0 2.9313 750 15 2.9313 750
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0- - - - - - - - - - - 0- -

1 -8 0.1273 65 0 0 0.093909 48 0 0 1 0.1273 65

2 -6.7143 0.1752 90 0 0 0.13158 67 0 0 2 0.1752 90

3 -5.4286 0.23429 120 0 0 0.19039 97 0 0 3 0.23429 120

4 -4.1429 0.31203 160 0 0 0.27218 139 0 0 4 0.31203 160

5 -2.8571 0.41534 213 0 0 0.37884 194 0 0 5 0.41534 213

6 -1.5714 0.54579 279 0 0 0.51558 264 0 0 6 0.54579 279

7 -0.28571 0.70351 360 0 0 0.68327 350 0 0 7 0.70351 360

8 1 0.8891 455 0 0 0.87877 450 0 0 8 0.8891 455

9 2.2857 1.0985 562 0.9513 244 1.0962 561 0.90283 231 9 1.0985 562

10 3.5714 1.3176 675 1.203 308 1.3217 677 1.1846 303 10 1.3176 675

11 4.8571 1.5269 782 1.4867 381 1.5273 782 1.4912 382 11 1.5269 782

12 6.1429 1.7116 876 1.7942 459 1.6842 862 1.8197 466 12 1.8197 466

13 7.4286 0 0 2.1201 543 0 0 2.1631 554 13 2.1631 554

14 8.7143 0 0 2.4591 630 0 0 2.5123 643 14 2.5123 643

15 10 0 0 2.8049 718 0 0 2.8598 732 15 2.8598 732
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0- - - - - - - - - - - 0- -

1 -8 0.10612 54 0 0 0 0 0 0 1 0.10612 54

2 -6.7143 0.14989 77 0 0 0.1132 58 0 0 2 0.14989 77

3 -5.4286 0.20573 105 0 0 0.16 82 0 0 3 0.20573 105

4 -4.1429 0.27757 142 0 0 0.24102 123 0 0 4 0.27757 142

5 -2.8571 0.37388 191 0 0 0.34149 175 0 0 5 0.37388 191

6 -1.5714 0.49835 255 0 0 0.46919 240 0 0 6 0.49835 255

7 -0.28571 0.65132 333 0 0 0.6326 324 0 0 7 0.65132 333

8 1 0.83286 426 0 0 0.82818 424 0 0 8 0.83286 426

9 2.2857 1.0397 532 0.88322 226 1.0467 536 0.84353 216 9 1.0467 536

10 3.5714 1.2594 645 1.1253 288 1.2744 652 1.1205 287 10 1.2744 652

11 4.8571 1.4731 754 1.4039 359 1.4849 760 1.4247 365 11 1.4849 760

12 6.1429 1.6664 853 1.7064 437 1.6471 843 1.7547 449 12 1.7547 449

13 7.4286 0 0 2.0306 520 1.7779 910 2.1005 538 13 2.1005 538

14 8.7143 0 0 2.3703 607 0 0 2.4536 628 14 2.4536 628

15 10 0 0 2.7189 696 0 0 2.805 718 15 2.805 718
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0- - - - - - - - - - - 0- -

1 -8 0.0895 46 0 0 0 0 0 0 1 0.0895 46

2 -6.7143 0.13157 67 0 0 0.08792 45 0 0 2 0.13157 67

3 -5.4286 0.18314 94 0 0 0.138 71 0 0 3 0.18314 94

4 -4.1429 0.24963 128 0 0 0.21106 108 0 0 4 0.24963 128

5 -2.8571 0.34073 174 0 0 0.30921 158 0 0 5 0.34073 174

6 -1.5714 0.45937 235 0 0 0.43042 220 0 0 6 0.45937 235

7 -0.28571 0.60655 311 0 0 0.58543 300 0 0 7 0.60655 311

8 1 0.78373 401 0 0 0.7793 399 0 0 8 0.78373 401

9 2.2857 0.98849 506 0.82407 211 1.0015 513 0 0 9 1.0015 513

10 3.5714 1.2092 619 1.0603 271 1.2301 630 1.0615 272 10 1.2301 630

11 4.8571 1.4268 731 1.3333 341 1.4389 737 1.3602 348 11 1.4389 737

12 6.1429 1.6247 832 1.6319 418 1.6029 821 1.6993 435 12 1.6993 435

13 7.4286 1.7826 913 1.9541 500 1.719 880 2.0457 524 13 2.0457 524

14 8.7143 0 0 2.2938 587 0 0 2.4004 614 14 2.4004 614

15 10 0 0 2.644 677 0 0 2.7518 704 15 2.7518 704

1e-4 CQI table
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Polar

LDPC

Polar LDPC
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0- - - - - - - - - 0- -

1 -8 0.083579 43 0 0 0 0 0 0 1 0.083579 43

2 -6.7143 0.11465 59 0 0 0 0 0 0 2 0.11465 59

3 -5.4286 0.16538 85 0 0 0.11886 61 0 0 3 0.16538 85

4 -4.1429 0.22578 116 0 0 0.18211 93 0 0 4 0.22578 116

5 -2.8571 0.31119 159 0 0 0.2775 142 0 0 5 0.31119 159

6 -1.5714 0.42506 218 0 0 0.39385 202 0 0 6 0.42506 218

7 -0.28571 0.56736 290 0 0 0.53799 275 0 0 7 0.56736 290

8 1 0.74005 379 0 0 0.72477 371 0 0 8 0.74005 379

9 2.2857 0.94196 482 0 0 0.94753 485 0 0 9 0.94753 485

10 3.5714 1.1625 595 1.0021 257 1.1762 602 0.97993 251 10 1.1762 602

11 4.8571 1.3831 708 1.271 325 1.381 707 1.279 327 11 1.381 707

12 6.1429 1.5858 812 1.5642 400 1.5487 793 1.6317 418 12 1.6317 418

13 7.4286 1.7532 898 1.8832 482 1.6716 856 1.9869 509 13 1.9869 509

14 8.7143 0 0 2.2223 569 0 0 2.3327 597 14 2.3327 597

15 10 0 0 2.5742 659 0 0 2.666 682 15 2.666 682
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0- - - - - - - - - 0- -

1 -8 0.15851 81 0.1053 27 0.13846 71 0.083737 21 1 0.15851 81

2 -6.7143 0.21133 108 0.15022 38 0.18578 95 0.12138 31 2 0.21133 108

3 -5.4286 0.27913 143 0.2101 54 0.24984 128 0.17185 44 3 0.27913 143

4 -4.1429 0.36472 187 0.28047 72 0.3346 171 0.23771 61 4 0.36472 187

5 -2.8571 0.47224 242 0.36805 94 0.44256 227 0.31925 82 5 0.47224 242

6 -1.5714 0.60629 310 0.48457 124 0.57504 294 0.42143 108 6 0.60629 310

7 -0.28571 0.76961 394 0.63653 163 0.73294 375 0.55467 142 7 0.76961 394

8 1 0.96033 492 0.82335 211 0.91647 469 0.72954 187 8 0.96033 492

9 2.2857 1.1704 599 1.0419 267 1.122 574 0.95029 243 9 1.1704 599

10 3.5714 1.3862 710 1.2915 331 1.3369 684 1.2119 310 10 1.3862 710

11 4.8571 1.5923 815 1.5738 403 1.5353 786 1.5028 385 11 1.5923 815

12 6.1429 1.7733 908 1.8879 483 1.6884 864 1.8121 464 12 1.8879 483

13 7.4286 0 0 2.225 570 0 0 2.1349 547 13 2.225 570

14 8.7143 0 0 2.5692 658 0 0 2.4716 633 14 2.5692 658

15 10 0 0 2.9077 744 0 0 2.8163 721 15 2.9077 744

1e-1 CQI table
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16QAM

QSPK

Polar LDPC

QPSK 16QAM QPSK 16QAM
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0- - - - - - - - - 0- -

1 -8 0.13922 71 0.062391 16 0.12539 64 0.071454 18 1 0.13922 71

2 -6.7143 0.18602 95 0.11986 31 0.1686 86 0.10647 27 2 0.18602 95

3 -5.4286 0.24652 126 0.1816 46 0.22695 116 0.15209 39 3 0.24652 126

4 -4.1429 0.32307 165 0.24715 63 0.30378 156 0.21223 54 4 0.32307 165

5 -2.8571 0.41963 215 0.32622 84 0.40181 206 0.28771 74 5 0.41963 215

6 -1.5714 0.54127 277 0.42934 110 0.52341 268 0.38234 98 6 0.54127 277

7 -0.28571 0.69193 354 0.56289 144 0.67065 343 0.50492 129 7 0.69193 354

8 1 0.87143 446 0.72921 187 0.84444 432 0.66547 170 8 0.87143 446

9 2.2857 1.0733 550 0.9289 238 1.042 533 0.86931 223 9 1.0733 550

10 3.5714 1.2851 658 1.1625 298 1.2529 641 1.1136 285 10 1.2851 658

11 4.8571 1.4925 764 1.4299 366 1.4564 746 1.3887 355 11 1.4925 764

12 6.1429 1.6827 862 1.7282 442 1.6257 832 1.684 431 12 1.7282 442

13 7.4286 0 0 2.0498 525 1.7486 895 1.9942 511 13 2.0498 525

14 8.7143 0 0 2.3835 610 0 0 2.3201 594 14 2.3835 610

15 10 0 0 2.7203 696 0 0 2.6606 681 15 2.7203 696

1e-2 CQI table
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Polar

16QAM

Polar LDPC

QPSK 16QAM QPSK 16QAM
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0- - - - - - - - - 0- -

1 -8 0.12578 64 0.045102 12 0.11584 59 0.062758 16 1 0.12578 64

2 -6.7143 0.16893 86 0.0918 24 0.15575 80 0.096654 25 2 0.16893 86

3 -5.4286 0.22557 115 0.15579 40 0.20985 107 0.13888 36 3 0.22557 115

4 -4.1429 0.29669 152 0.22387 57 0.28105 144 0.19413 50 4 0.29669 152

5 -2.8571 0.38541 197 0.2976 76 0.37209 191 0.26488 68 5 0.38541 197

6 -1.5714 0.49738 255 0.39003 100 0.48584 249 0.35463 91 6 0.49738 255

7 -0.28571 0.63825 327 0.51255 131 0.62514 320 0.47017 120 7 0.63825 327

8 1 0.8094 414 0.66881 171 0.79145 405 0.61972 159 8 0.8094 414

9 2.2857 1.0048 514 0.85707 219 0.98226 503 0.80875 207 9 1.0048 514

10 3.5714 1.2123 621 1.0757 275 1.188 608 1.0368 265 10 1.2123 621

11 4.8571 1.4189 726 1.3259 339 1.3905 712 1.2975 332 11 1.4189 726

12 6.1429 1.6165 828 1.6089 412 1.5658 802 1.5824 405 12 1.6165 828

13 7.4286 1.7897 916 1.921 492 1.6977 869 1.8853 483 13 1.921 492

14 8.7143 0 0 2.2502 576 0 0 2.2045 564 14 2.2502 576

15 10 0 0 2.5826 661 0 0 2.5386 650 15 2.5826 661

1e-3 CQI table

Polar

16QAM

QSPK

Polar LDPC

QPSK 16QAM QPSK 16QAM
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0- - - - - - - - - 0- -

1 -8 0.11591 59 0 0 0.10779 55 0.054919 14 1 0.11591 59

2 -6.7143 0.15574 80 0.074304 19 0.14547 74 0.088343 23 2 0.15574 80

3 -5.4286 0.20932 107 0.1323 34 0.19615 100 0.12907 33 3 0.20932 107

4 -4.1429 0.27653 142 0.20347 52 0.26221 134 0.17995 46 4 0.27653 142

5 -2.8571 0.35915 184 0.27715 71 0.34649 177 0.24558 63 5 0.35915 184

6 -1.5714 0.46268 237 0.36229 93 0.45264 232 0.33086 85 6 0.46268 237

7 -0.28571 0.5943 304 0.47387 121 0.58456 299 0.44149 113 7 0.5943 304

8 1 0.75768 388 0.61961 159 0.74443 381 0.58345 149 8 0.75768 388

9 2.2857 0.94825 486 0.79839 204 0.92981 476 0.76127 195 9 0.94825 486

10 3.5714 1.1532 590 1.0065 258 1.1308 579 0.97603 250 10 1.1532 590

11 4.8571 1.3583 695 1.2436 318 1.329 680 1.2246 313 11 1.3583 695

12 6.1429 1.5563 797 1.5127 387 1.5016 769 1.5003 384 12 1.5563 797

13 7.4286 1.7396 891 1.8141 464 1.6323 836 1.7953 460 13 1.8141 464

14 8.7143 0 0 2.1391 548 1.7345 888 2.1026 538 14 2.1391 548

15 10 0 0 2.4714 633 0 0 2.4167 619 15 2.4714 633

1e-4 CQI table

QSPK

Polar

16QAM

Polar LDPC

QPSK 16QAM QPSK 16QAM
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0- - - - - - - - - 0- -

1 -8 0.1083 55 0 0 0.098634 51 0.043905 11 1 0.1083 55

2 -6.7143 0.14486 74 0.063565 16 0.13557 69 0.082093 21 2 0.14486 74

3 -5.4286 0.19523 100 0.11498 29 0.1799 92 0.12057 31 3 0.19523 100

4 -4.1429 0.25927 133 0.18345 47 0.23531 120 0.16396 42 4 0.25927 133

5 -2.8571 0.33771 173 0.25805 66 0.31016 159 0.22526 58 5 0.33771 173

6 -1.5714 0.43496 223 0.33987 87 0.41266 211 0.30852 79 6 0.43496 223

7 -0.28571 0.55829 286 0.44346 114 0.54629 280 0.41364 106 7 0.55829 286

8 1 0.71316 365 0.57977 148 0.70775 362 0.54312 139 8 0.71316 365

9 2.2857 0.89768 460 0.74929 192 0.88836 455 0.70342 180 9 0.89768 460

10 3.5714 1.1006 564 0.9474 243 1.0772 552 0.90123 231 10 1.1006 564

11 4.8571 1.3061 669 1.1728 300 1.2629 647 1.1384 291` 11 1.3061 669

12 6.1429 1.5036 770 1.4299 366 1.4332 734 1.4089 361 12 1.5036 770

13 7.4286 1.6895 865 1.7225 441 1.5731 805 1.7007 435 13 1.7225 441

14 8.7143 0 0 2.0443 523 1.674 857 2.0004 512 14 2.0443 523

15 10 0 0 2.3766 608 1.7777 910 2.2995 589 15 2.3766 608

1e-5 CQI table

16QAM

QSPK

Polar

Polar LDPC

QPSK 16QAM QPSK 16QAM
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