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1 Introduction

One of the specific URLLC related features that was agreed during the Rel.15 NR work item is introduction of URLLC-specific CQI tables and two BLER targets for CQI reporting. Consequently, the following agreements were reached so far in support of new CQI/MCS table(s) and BLER targets for URLLC:
	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 cannot 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 existing CQI entries 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 view of the last agreements, we discuss the remaining issues related to CQI table design corresponding to 10-5 BLER target and new MCS table in this contribution. Some other relevant URLLC companion papers can be found in [1-2]. This contribution is revised based on R1-1804739.
2 Discussion

2.1 CQI Table Design
One of the BLER target agreed was 10%, and legacy CQI table where maximum modulation order is 64 QAM was agreed to be used for BLER target 10%., cf. Table 1.                                               
Table 1: Legacy CQI Table (64QAM): Table 5.2.2.1-2: Specification 38.214
	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


Now, we discuss CQI table design for 10-5 BLER target. The minimum SE point of legacy CQI table in Table 1 may not be optimal for URLLC operation at very low BLER target such as 10-5. Few lower SE points can be used so that 10-5 transmission reliability can be achieved at the same or lower SNR operating point corresponding to the CQI index 1 of legacy table in Table 1. In Fig. 1, we observe from DL SINR CDF curve that 5% CDF point is found around -3dB in typical UMa scenario assumed for URLLC operation. Hence, we assume that minimum SE point preferably be realized around -3dB or below. Simulation parameters are provided in Table 7 in the appendix. It was also observed in [3] that -3dB SNR point can be used as reference for obtaining minimum SE point. Moreover, some further SNR margin can be useful to account for diverse channel fading conditions and channel estimation errors etc.
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Figure 1: 5% CDF SNR point, assuming URLLC UMa scenario.

Below in Fig. 2, we observe AWGN performance curves to examine the potential minimum SE points. In particular, we show SE points with an increment of 2 in CR*1024 starting from CR*1024 = 30, assuming 15 PRBs. We observe that at 10-5 BLER, SE points corresponding to CR*1024 = 30 and CR*1024 = 52 result in approximately even SNR spacing, i.e., between CR*1024 = 30 and CR*1024 = 52, and   CR*1024 = 52 and CR*1024 = 78.  We believe that removing last two SE points and appending two SE points at the top results in a CQI table which not only provides lower spectral efficiency points that is beneficial for operation at 10-5 BLER and adequate options of high SE values based on 64 QAM but also reuses most of the CQI entries of the legacy CQI table in Table 1, keeping standardization efforts to a minimum. 
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Figure 2: AWGN BLER v SNR for various low SE points.

Next, we evaluate candidate low SE points in fading channel conditions. Following the agreements reached so far, four relevant cases, cf. Table 2, are examined to study minimum SE point(s) for the new CQI table. Number of PRBs is set as 15, and TBS is varied with SE value. Detail simulation assumptions are provided in Table 8 in the appendix. Required SNR points are identified in Fig.3 and we observe that for the four cases considered, reasonable even spacing in SNR is provided by the candidate values CR*1024 = 30 and 52. SNR points for CR*1024 = 41 and 65 are also provided which are useful for constructing MCS table, cf. Section 2.2. 
Table 2: Simulation assumptions for evaluation of minimum SE point.
	Case1
	Case 2
	Case 3
	Case4

	700MHz, TDL-A (delay spread 30ns), 3km/hr, 2 by 2, Low UE antenna correlation, Uniform linear array (ULA) at UE
	700MHz, TDL-C (delay spread 300ns), 3km/hr, 2 by 2, Low UE antenna correlation, ULA at UE
	4GHz, TDL-A (delay spread 30ns), 3km/hr, 2 by 4, Medium UE antenna correlation, X-pole antenna pattern at UE
	4GHz, TDL-C (delay spread 300ns), 3km/hr, 2 by 4, Medium UE antenna correlation, X-pole antenna pattern at UE
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Figure 3: Candidate lowest SE points for different channels and scenarios.

From Fig. 3, we further observe that lowest SE point corresponding to CR*1024 = 30 provides sufficient SNR margin below -3dB at least for Cases 2, 3, 4, which can be useful to account for different fading and interference conditions, channel estimation errors and ensure robustness. For Case 1, we observe that a bit higher SNR operating point is necessary even for CR*1024 = 30. Nonetheless, we think that in most conditions, adding two values of SE points below CR*1024 = 78 in the legacy table provides adequate robustness and granularity for exploiting low SE values, should the channel conditions demand for BLER target of 10-5 in one shot transmission. 

In view of the above analysis, we propose the following CQI table.
Table 3: Proposed CQI Table for 10-5 BLER target
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	30
	0.0586

	2
	QPSK
	52
	0.1016

	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


Proposal 1
· New table for 10-5 BLER target is designed by adding two lower SE points below the minimum SE point in 64QAM CQI table for 10% BLER target and the two highest SE points above 772*6/1024 are removed
· The two new SE points are 30/1024·2(QPSK) and 52/1024·2(QPSK).
Proposal 2
· Adopt Table 3 of current document for CQI table designed for configured BLER 10-5
2.2 MCS Table Design

We propose that new MCS table can be derived based on CQI table corresponding to the configured BLER target 10-5. Legacy MCS table does not use minimum SE point of the CQI table in Table 1, as can be seen below in Table 4. 

Table 4: Table 5.1.3.1-1: MCS index table 1 for PDSCH (38.214)
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


It should be noted, that currently specified minimum MCS value corresponding to code-rate 120/1024 and QPSK modulation may not provide the target reliability assuming single-shot transmission. We propose that the new MCS table provides similar range of spectral efficiency points as the CQI table with additional interpolated entries. MCS 0 can start from CQI index 1 so that lowest possible SE point is available for selection for PDSCH scheduling. Interpolated entries such as MCS indices 1 and 3 are also evaluated in Fig. 3. We propose to reuse the legacy MCS table in Table 4 for the remaining entries until the indices for reserved entries are reached. As the MCS tables start with minimum SE point of CQI table, maximum SE point of MCS table is below the maximum SE point of CQI table in Table 3. The proposed MCS Table is provided below:
Table 5: Proposed new MCS table for URLLC CP-OFDM transmission
	MCS Index

	Modulation Order
 
	Target code Rate x [1024]

	Spectral

efficiency

	0
	2
	30
	0.0586

	1
	2
	41
	0.0801

	2
	2
	52
	0.1016

	3
	2
	65
	0.1270

	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
	340
	1.3281

	17
	4
	378
	1.4766

	18
	4
	434
	1.6953

	19
	4
	490
	1.9141

	20
	4
	553
	2.1602

	21
	4
	616
	2.4063

	22
	4
	658
	2.5703

	23
	6
	438
	2.5664

	24
	6
	466
	2.7305

	25
	6
	517
	3.0293

	26
	6
	567
	3.3223

	27
	6
	616
	3.6094

	28
	6
	666
	3.9023

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


MCS table in Table 5 can be used for DL and UL CP-OFDM transmission. Next, we provide MCS table for UL DFT-S OFDM transmission, having same maximum and minimum SE points as in Table 5. Here, q=1 if UE has reported to support pi/2 BPSK modulation, otherwise q = 2 holds.

  Table 6: Proposed MCS table for UL DFT-s OFDM transmission
	MCS Index

	Modulation Order
 
	Target code Rate x [1024]

	Spectral

efficiency

	0
	q
	60/q
	0.0586

	1
	q
	82/q
	0.0801

	2
	2
	52
	0.1016

	3
	2
	65
	0.1270

	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
	340
	1.3281

	17
	4
	378
	1.4766

	18
	4
	434
	1.6953

	19
	4
	490
	1.9141

	20
	4
	553
	2.1602

	21
	4
	616
	2.4063

	22
	4
	658
	2.5703

	23
	6
	466
	2.7305

	24
	6
	517
	3.0293

	25
	6
	567
	3.3223

	26
	6
	616
	3.6094

	27
	6
	666
	3.9023

	28
	1
	reserved

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved


Proposal 3
· Adopt Tables 5 and 6 of current document as the MCS tables designed specifically for URLLC 
· Minimum SE point of MCS table designed specifically for URLLC is 30* 2 /1024
· Maximum SE point of MCS table designed specifically for URLLC is 666 * 6 /1024

We observe that maximum SE point = 3.9023 of proposed MCS table in Table 5 is much lower than that (i.e., 5.5547) of legacy MCS table in Table 4. Even if the UE reports CQI index 15, the network cannot choose MCS higher than provided by index 28 in the table. In the next section, we address this issue.

2.3 Configuration Signaling for CQI and MCS tables

We propose that MCS table can be independently configured from the BLER target and CQI table. It not only facilitates independent MCS table selection for UL and DL, but also allows for flexible MCS selection, should the gNB choose to operate at a different BLER target than the configured BLER target. For DL and UL, MCS tables can be configured as part of PDSCH and PUSCH configuration information elements, respectively.
Furthermore, as alluded to at the end of previous section, associating MCS table with CQI table and/or BLER target may impose unnecessary restriction on selection of high MCS values if BLER target 10-5 is in operation. We propose that independent configuration of MCS table may allow the network to choose MCS in more flexible manner. For example, if situation demands, network may configure the UE with MCS table derived from CQI table of 10% BLER although UE is reporting CQI based on 10-5 BLER, which may be beneficial if UE is in a better SINR geometry. In summary, when more robustness is needed with very low code rates, network can choose MCS table derived based on CQI table of 10-5 BLER target and on the other hand, if favorable conditions exist such as UE consistently reporting very high CQI values, network can opportunistically configure MCS table with higher SE values such as the one in Table 4. This allows network to operate over a wide range of MCS values.
Proposal 4
· MCS Table is independently configured from BLER target and CQI Table

· MCS Table for UL and DL can be separately configured 

3 Conclusions

In this contribution, suitable BLER targets, new CQI and MCS tables targeting URLLC operation are discussed. The following proposals are made: 
Proposal 1

· New table for 10-5 BLER target is designed by adding two lower SE points below the minimum SE point in 64QAM CQI table for 10% BLER target and the two highest SE points above 772*6/1024 are removed

· The two new SE points are 30/1024·2(QPSK) and 52/1024·2(QPSK). 

Proposal 2
· Adopt Table 3 of current document for CQI table designed for configured BLER 10-5
Proposal 3
· Adopt Tables 5 and 6 of current document as the MCS table designed specifically for URLLC 
· Minimum SE point of MCS table designed specifically for URLLC is 30 * 2 /1024

· Maximum SE point of MCS table designed specifically for URLLC is 666 * 6 /1024
Proposal 4
· MCS Table is independently configured from BLER target and CQI Table

· MCS Table for UL and DL can be separately configured
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4 Appendix 

Table 7:  Simulation parameters corresponding to Figure 1.
	
	IMT-2020 Urban Macro - URLLC Config. B
	TR 38.802 URLLC Urban Macro

	Carrier frequency for evaluation
	700 MHz
	4 GHz

	BS antenna height
	25 m

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	min UE power
	-40 dBm (see 3GPP TS 36.101)

	Percentage of high loss and low loss building type 
	100% low loss  (applies to Channel model B)
	N/A

	Inter-site distance
	500 m

	Number of antenna elements per TRxP
	8 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	2 TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements 
	2 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°, 90° polarization

	Number of TXRU per UE
	2TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area
	20% outdoor, 80% indoor

Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS antenna element gain
	8 dBi

	BS antenna element pattern
	According to TR 36.873

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Simulation bandwidth
	20 MHz

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m
	Follow the modelling of TR 36.873, i.e. distribution over floors

	Channel model variant
	Channel model B, IMT-2020 Urban Macro
	TR 36.873, 3D Uma

	TRxP number per site
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	98° in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 

	UE attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min= 10m 
	d2D_min= 35m

	Traffic model     
	Full buffer (Note: it is for SINR CDF distribution derivation)

	SINR derivation
	· The SINR from system level evaluations is based on long-term SINR at a given position in the network and excludes fast fading component

· The SINR collected in system level simulations is the one at the antenna connector reference point (no combination of antenna ports are considered)

· The magnitude squared of the channel coefficients over time and frequency are averaged (to reflect long-term SINR) to determine the average path gain for each link











Table 8: Simulation parameters corresponding to Figure 3.
	Parameters
	Value

	System bandwidth
	20MHz

	Carrier Frequency
	700MHz, 4GHz

	Subcarrier spacing
	30KHz

	TTI duration
	1 slot

	Channel coding
	LDPC BG 2

	Channel estimation
	Ideal

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

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	2, 4 Rx 

	UE side antenna pattern and correlation 
	Low/Medium correlation, ULA or X-pole pattern

	Number of PRBs
	15

	Receiver type
	MMSE

	Noise estimation
	Ideal

	HARQ
	No (i.e., one shot transmission)
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