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In the RAN1#92 meeting, MCS/CQI tables for URLLC Rel-15 were discussed and the following agreements and notes were included in [1].
Agreements:
The two BLER targets for CQI reporting that are configurable for URLLC are to be down-selected from one of the following options:
· Option A. (10-1, 10-4)
· Option B. (10-1, 10-5)
· Option C. (10-3, 10-5) 
· Option D. (10-2, 10-4)

Companies are encouraged to consider the following when performing evaluations for down-selection of BLER targets for CQI reporting, e.g., 
· Resource efficiency: e.g., number of RE occupied, probability of blocking
· Feasibility of UE producing accurate CQI estimation for CQI reporting. Each company can provide views from their perspective. Assume existing definition of CSI reference resource.
· The distance in SNR (dB) between the two target is sufficient to generate distinct CQI in typical operation.
· UE complexity of being able to generate CQI report for 3 BLER targets  (e.g., Option (C) and (D) in certain cases) vs 2 BLER targets (Option (A) and (B))
· achieved latency

Agreements:
· For new CQI table and MCS table constructed specifically for URLLC, 256QAM is not included.
· Lowest spectral efficiency in any/all CQI table is not lower than 30/1024 * 2 (QPSK)
· Highest spectral efficiency in any/all CQI table is not greater than a value, where the value is selected from one of the following: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 
· Lowest spectral efficiency in any/all MCS table is not lower than 30/1024 * 2.
· Highest spectral efficiency in any/all MCS table is not greater than a value, where the value is selected from the following: 
a) 666/1024 * 6
b) 772/1024 * 6
c) 873/1024 * 6
d) 948/1024 * 6 
Agreements:
· Only single transport block (i.e., a single CW) transmission is supported for URLLC in Rel-15.
In this contribution, we provide our views on the CQI and MCS table design for URLLC. 
BLER target(s) for URLLC
In RAN1 #92 meeting, the target BLERs for CQI reporting for URLLC were discussed and several options were listed for further down selection. In this section, we discuss the key aspects related to the selection of the target BLER candidates from URLLC performance perspective. 
· First of all, the URLLC reliability requirement for one transmission of a packet is 1e-5 for 32 bytes with a user plane latency of 1ms [2]. Without the introduction of target BLER of 1e-5 for CQI reporting, it is not possible to claim that the URLLC performance can always be guaranteed. In particular, it is not possible to claim that the URLLC reliability can be met with more relaxed target BLERs since this essentially is based on some other underlying assumptions which do not always hold in practice, e.g. each packet can always be transmitted with more than one transmission opportunities or the gNB can accurately derive CQI with one target BLER based on the CQI reporting assuming another BLER target.  
· There are many cases that only one-shot transmission should be applied considering UE processing capability, the sporadic traffic characteristic, queuing delay, scheduling delay, frame structure (TDD UL/DL configurations), etc. In such cases, the URLLC performance requirement can only be met with one-shot transmission which clearly requires a target BLER of 1e-5. As an example, we provide some latency analysis in Table 1 assuming UE capability 1. The DL transmission latency from the data arrival at the gNB MAC layer to UE MAC layer receives the data are provided based on the UE processing time given in Appendix B. It is worth noting that only one-shot transmission can be used in order to meet the 1ms latency requirement assuming FDD in case 15 KHz or 30 KHz SCS is used for data transmission. The 60 KHz SCS is required even if HARQ retransmission or slot aggregation is applied for URLLC. 
· In the current specifications, slot aggregation is supported but only transmission across slots is allowed [3]. This results in large transmission time when slot aggregation is configured. Hence, the transmission latency is larger than 1ms in 15 KHz or 30 KHz SCS.
· It should be noted that even if 60KHz SCS is adopted, one-shot transmission may be the only choice in some cases considering the traffic characteristics, queuing and scheduling delay. In a practical scheduler implementation, it is not possible to make precise predictions on the arrival of the packets for URLLC. However, the consequence of the packet loss may not be acceptable.
Table 1 DL transmission latency based on UE capability 1  [image: ]
· It is not reasonable to assume that the gNB can accurately derive the CQI value with one target BLER based on the CQI reporting assuming another value. If the design could be based on such derivation then certainly there would be no need to have two BLER targets in the first place. Furthermore, in a practical implementation, the CQI reported by the UE takes channel condition and receiver algorithm into account, and some compensation is done based on the estimation of delay spread, Doppler shift and possible interference suppression, etc. This can be done at the UE since the channel estimation result and more importantly interference estimation and receiver algorithm is performed at the UE. All these aspects are UE implementation related and gNB has no knowledge (or limited knowledge, e.g., if the UE supports interference cancellation or not), of the UE receiver processing. Hence, it is not possible for the gNB to scale the reported CQI in a reliable way. 
· From UE complexity point of view, the introduction of target BLER of 1e-5 for CQI reporting does not incur additional UE complexity since the current CSI reporting framework [3] can support triggering CSI with one or multiple target BLER. This does not bring additional UE complexity if the gNB only triggers CSI reporting for one target BLER. 
· As a way to improve performance PDCP duplication was agreed with two duplications. It should be noted that PDCP duplication is applicable only to CA or DC cases as it assumes duplicated and independent transmissions, hence it cannot be considered as an alternative solution to fulfill the 1e-5 reliability requirement of the general URLLC scenario.  The URLLC requirement needs to be fulfilled in the single carrier case. In order to achieve the target BLER of 1e-5 for E2E data transmission, it may be possible to save additional resources when PDCP duplication is not used.
· The CQI and MCS design with target BLER of 1e-5 provides better latency and reliability at the cost of SE when there are sufficient resources available. This essentially provides some key scheduling flexibility to the gNB in case the gNB would like to trade spectrum efficiency with latency and reliability for URLLC. In fact, this is a very important feature that NR URLLC should support since the performance metric of URLLC is very different from eMBB. In applications such as industrial factory automation and V2X, latency and reliability are first priorities instead of spectrum efficiency. Latency and reliability requirements cannot be achieved if the CQI with target BLER of 1e-5 is not reported.
Based on the above analysis, CQI report with target BLER of 1e-5 should be supported for URLLC. As to the other target BLER, a further down selection between 1e-1 and 1e-3 should be done. Based on the simulation results in Figure 1 of Section 3.2, for a given SE, there is about 1dB SNR difference between 1e-3 target and 1e-5 target. This difference is sufficient to generate distinct CQI reports in typical operation. Besides, the SNR difference between 1e-1 target and 1e-5 target is about 2 dB. The 1e-1 target has larger SNR distance from 1e-5 target, and this may generate a larger quantization error than 1e-3 target, which would lead to a degradation of resource utilization and consequently to a lower URLLC capacity [4]. In addition, the 1e-3 target for the initial transmission would help to reduce the number of transmissions to up to 2 in case URLLC use cases with more relaxed latency requirements exist. Hence, it is better to support target BLER 1e-3 and 1e-5 for high resource utilization efficiency and low reporting quantization error. 
For the MCS table for URLLC, considering that the CQI table with 1e-5 target BLER includes some entries at lower coding rate, the eMBB MCS table is not suitable for URLLC. New MCS table(s) are needed in accordance to the new CQI table(s). In the MCS table design, some entries in the MCS table are selected from the CQI table. This will simplify the gNB implementation to choose appropriate modulation and coding rate based on the CQI report. Hence, we propose to introduce two MCS tables targeting two BLERs corresponding to the two new CQI tables. 
Proposal 1: The CQI/MCS table with target BLER of 1e-3 and 1e-5 should be supported for URLLC.
CQI/MCS table for URLLC
CQI table Methodology 
For the CQI table design, similar to the discussion in LTE, a polynomial approximation can be performed for spectrum efficiency vs. SNR based on link level evaluations. For each modulation order, a set of waterfall curves (BLER vs. SNR) can be obtained for a range of TBS sizes assuming a fixed number of PRB allocation. The polynomial fit is performed to obtain a fitted function, i.e., efficiency = f (SNR). For each waterfall curve, the SNR values for different coding rates at 1e-3 BLER and at 1e-5 BLER are extracted. The CQI table can be generated by sampling over a given SINR range based on the fitted function. 
Following the methodology in Section 3.1, we provide simulation results to design CQI tables for URLLC. The detailed simulation assumptions are provided in Appendix B. The granularity for payload size is 8 bits, which is fine enough to obtain a precise polynomial approximation since one byte of MCS PDU is the minimum data unit. The payload size range is [24:8:1000] for QPSK, [824:8:2072] for 16QAM and [1608:8:3288] for 64QAM. With the simulation assumptions in Appendix B, a total of 576 available REs are used in the data transmission. Figure 1 shows the evaluation results of spectral efficiency (SE) performance. 
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1(a) target BLER=1e-3                                       1 (b) target BLER=1e-5
Figure 1. SE performance at target BLER=1e-3 and 1e-5
MCS table for URLLC
In this section, we discuss the detailed MCS table design for URLLC.
With a high reliability and low latency requirement, most likely URLLC favors a lower modulation order and coding rate than eMBB. As one example, we examine the performance of one cell-edge UE (5th percentile DL Geometry, -5dB). The instantaneous SINR traces and the SINR CDF of this UE is shown in Figure 2. In order to meet 1e-5 BLER requirement within 1ms, the MCS corresponding to 1e-5 in instantaneous SNR CDF (as low as -15dB for 1Tx-1Rx), should be supported for URLLC due to the hard delay restriction even in extreme channel conditions. For eMBB, it is less needed to consider very extreme channel conditions since the gNB could select good channel condition with relaxed delay constraint. 
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Figure 2. Traces and CDF of SINR for a cell-edge UE (5th percentile DL Geometry, -5dB).
Considering the variety of channel condition, the conservative MCS selection with lower coding rate for URLLC may be more frequent than eMBB. Then, the lower coding rate should be considered to URLLC MCS table. For example, if the UE reports CQI index 1, which is the lowest coding rate of CQI table, the gNB should support to schedule the lower coding rate of CQI index 1 for 1e-5 target BLER. On the other hand, from spectral efficiency aspect, higher MCS level is also useful for URLLC UE with good channel condition. Larger TBS with high reliability and low latency requirement may exist in future. Hence, higher MCS level should also be supported to improve the spectrum efficiency. As one simple solution, an extended MCS table covering both lower and higher MCS could be adopted. Then the MCS table should include all the valid entries in the CQI table. 
[bookmark: OLE_LINK479][bookmark: OLE_LINK480]
Fine granularity CQI/MCS table 
Before providing the CQI table and MCS table for URLLC, we discuss key aspects related to the selection of the fine granularity from URLLC performance and system resource utilization efficiency viewpoint. 
· First, based on Figure 1, we set the baseline performance based on CQI/MCS tables, with the CQI SNR granularity of about 2dB and MCS SNR granularity of about 1dB. The MCS table is 32 entries and CQI table is 15 entries. Then, we generate the smaller SNR granularity table as 64 MCS entries and 31 CQI entries. For simplicity, the BLER target is assumed to 1e-4 but similar results are expected for 1e-5 BLER target. The system simulation assumptions are given in Appendix C. From Table 2, it can be observed that the 2dB CQI report quantization error and 1dB MCS scheduling granularity have the lower proportion of UEs meeting the BLER target of 1e-4. The reason would be the lower spectrum efficiency, since the gNB does a conservative scheduling and UE does a conservative CQI reporting based on the large granularity CQI/MCS table. Moreover, some UEs miss the transmission opportunity because they do not meet the 1e-4 target BLER, since the scheduled UEs use a conservative resource allocation. In comparison, smaller SNR granularity could bring an improvement of the ratio of UEs with guaranteed performance, i.e. the ratio of users satisfying the 1e-4 BLER target is increased by 14.3%. The smaller SNR granularity could improve the overall spectrum efficiency which could be translated directly to URLLC system capacity.
Table 2 Statistics gain of proportion of UEs meeting the BLER target of 1e-4
	Schemes
	Gain for UEs meeting the BLER target of 1e-4

	32 MCS entries and 15 CQI entries 
(1dB SNR granularity in MCS table and 2dB SNR granularity in CQI table)
	0%

	64 MCS entries and 31 CQI entries 
(0.5dB SNR granularity in MCS table and 1dB SNR granularity in CQI table)
	14.3%



· Second, URLLC would introduce the lower spectrum efficiency value to achieve higher reliability than eMBB. According to the TBS determination in [3], the TBS is indicated by MCS, time/frequency domain, etc. For a given TBS, the allocated RB number has a large fluctuation while the coding rate has a small change. Then, the conservative coding rate of cell-edge UE will consume a lot of system resources. Hence, the granularity of CQI/MCS table as in eMBB is inadequate for URLLC, since the low spectrum efficiency value is introduced. As shown in Figure 3, for example, for 256bits TBS, with SE change from 0.05 to 0.1, the allocated RB number changes from the 272RBs to 132RBs. Hence, the small granularity at the low SE range has a significant improvement on spectrum efficiency which could be translated directly to URLLC system capacity.
Observation: The fine granularity CQI/MCS table has a significant improvement on spectrum efficiency which translates directly to improved URLLC system capacity.
Proposal 2: CQI/MCS table design for URLLC should support the fine SNR granularity, as 1dB SNR CQI value granularity and 0.5dB SNR MCS value granularity.
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Figure 3. SE and allocated RB number for TBS is 256 bits in 2 symbols time domain, 1256bits in 4 symbols time domain, and 3824 bits in 7 symbols time domain.

CQI/MCS tables 
Based on the above discussion in section 3.1 to section 3.3, we fit the curves into 10-order polynomials. To keep the same 1dB SNR range for both target BLER=1e-3 and 1e-5 during CQI table designing, the lower bound of the SNR range is obtained according to the target BLER=1e-5 curve at code rate of 30/1024. The upper bound is obtained from the target BLER=1e-3 curve at code rate 948/1024. Considering the variety of channel conditions, at least the 1e-3 BLER should support code rate 948/1024 since the high spectral efficiency can save the resource consumption for center cell UE. Then, the SNR range is evenly divided into 30 parts, which give 31 boundary SNR points. The code rates and SEs at these boundary SNR points are calculated using the above mentioned polynomials. A modulation order with the highest SE is chosen at each boundary SNR point to form the final CQI table. Following the above design procedure, CQI tables are provided in Table 3. 



Table 3 CQI table at target BLER=1e-3 (left) and 1e-5(right)                           
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Besides, the reserved entries are not used for the initial transmission due to no coding rate associated to the reserved entries to indicate the TBS. The reserved entries would not be included in MCS table as for eMBB. In 6-bit MCS table and 5-bit CQI table, the SE of MCS index X is achieved by the median point between MCS index X-1 and MCS index X+1, X = {4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 31, 33, 35, 37, 39, 41, 43, 48, 50, 52, 54, 56, 58, 60, 62}, and the SE of MCS index {1, 2} is achieved by the one third point between CQI index 1 and CQI index 2. It is due to the number of 32 median entries and 31 valid entries of CQI table being only 63, when 6 bits MCS table may need 64 valid entries without the reserved entries. Considering the lower coding rate is very important to URLLC, we add the one low SE value between CQI index 1 and CQI index 2. In 5-bit MCS table and 5-bit CQI table, we also need the one additional SE value since the 31 valid entries of CQI table. Then, we add one SE between CQI index 1 and CQI index 2 for MCS table. According to the above discussion in section 3.2 and 3.3, we provide a 5-bit MCS table and 6-bit MCS table as follows based on Table 3. 


Table 4 MCS tables at target BLER= 1e-3 (left) and 1e-5(right) based on Table 3 
                [image: ]          [image: ]
Proposal 3: Adopt Table 3 as the CQI tables with target BLER 1e-3 and 1e-5 for URLLC.
Proposal 4: Adopt Table 4 as the MCS tables with target BLER 1e-3 and 1e-5 for URLLC.
Signaling for MCS table indication
It is not preferable to reconfigure the URLLC MCS table for a different target BLER by high layer signaling. A fast AMC is beneficial based on low latency CQI scheme [4]. Hence, the indication of MCS table with different BLERs via DCI should be supported for URLLC. Furthermore, it was agreed that CSI report with different target BLER is supported. Then, the gNB can dynamically choose the appropriate MCS based on the multiple BLER CSI reports. Even if the URLLC UE only supports one CSI report associated with one of two target BLERs, the gNB can still dynamically trigger a CSI report with one of the two target BLER by A-CSI request in DCI. For example, if gNB decides to transmit PDSCH with 1e-5 target BLER, it could trigger the CSI report of 1e-5 BLER; in another case, if gNB decides to the transmit PDSCH with 1e-3 target BLER, it could trigger the CSI report of 1e-3 BLER. Furthermore, the gNB can dynamically choose the appropriate BLER to MCS indication based on the current channel condition, system resource and scheduling strategy.
Proposal 5: Selection of MCS table for URLLC should be dynamically indicated.
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the CQI table and MCS table for URLLC scenario. Simulation is conducted to find the relation between SNR and SE/code rate. The aspects of link adaptation for URLLC transmission are also discussed. The following observation and proposals are reached:
[bookmark: _GoBack]Observation: The fine granularity CQI/MCS table has a significant improvement on spectrum efficiency which translates directly to improved URLLC system capacity.
Proposal 1: The CQI/MCS table with target BLER of 1e-3 and 1e-5 should be supported for URLLC.
Proposal 2: CQI/MCS table design for URLLC should support the fine SNR granularity, as 1dB SNR CQI value granularity and 0.5dB SNR MCS value granularity.
Proposal 3: Adopt Table 3 as the CQI tables with target BLER 1e-3 and 1e-5 for URLLC.
Proposal 4: Adopt Table 4 as the MCS tables with target BLER 1e-3 and 1e-5 for URLLC.
Proposal 5: Selection of MCS table for URLLC should be dynamically indicated.
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Appendix A
Table 5 DL Latency Component
	Component
	Parameters
	Value

	1
	gNB prepares PDSCH initial transmission and waits for PDCCH occasion 
	1.5* PDSCH time duration. As similar with LTE, the process delay is 1.5 times transmission time interval.

	2
	K0
	K0

	3
	gNB sends PDCCH and PDSCH 
	PDSCH time duration assumed PDCCH in PDSCH time duration

	4
	UE decodes initial transmission 
	0.5*N1 

	5
	UE prepares PUCCH transmission
	N1- UE decodes data time

	6
	PUCCH transmission with HARQ-ACK
	PUCCH time duration

	7
	gNB decodes HARQ-ACK
	1.5* PUCCH time duration. As similar with LTE, the process delay is 1.5 times transmission time interval.

	8
	gNB prepares PDSCH retransmission and waits for PDCCH occasion
	1.5* PDSCH time duration. As similar with LTE, the process delay is 1.5 times transmission time interval.

	9
	K0’ in PDCCH for retransmission
	K0’

	10
	gNB sends PDCCH and PDSCH for retransmission 
	Same with component 3

	11
	UE decodes retransmission and sends to MAC layer
	0.5*N1

	Total
	
	One-shot transmission is 2.5* PDSCH time duration+0.5*N1+ K0
Two-shot transmission is 5* PDSCH time duration+1.5*N1+ 2.5*PUCCH time duration+ K0+ K0’



Table 6 Assumptions for DL Latency transmission 
	Parameters
	Value

	PDSCH time duration
	2/4/7 symbols

	K0
	0

	PUCCH time duration
	2 symbols

	K0’
	0 

	DMRS
	No additional PDSCH DM-RS configured

	N1
	8 symbols in 15Khz SCS.
10 symbols in 30Khz SCS.
17 symbols in 30Khz SCS.

	DL-UL slot configuration
	FDD system, no assume the wait time to DL or UL slot.

	
[bookmark: _Hlk508187268][bookmark: _Hlk500865557]If the first uplink symbol to carry the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged.  

	d1,1 = 0,
d1,2 = 0,
d1,3 = 0,




 
Appendix B
Table 7 Simulation assumptions for URLLC CQI table 
	Parameters
	Value

	Overhead of reference signals
	0

	The symbol number of PDSCH and control signaling
	PDSCH and DM-RS symbols is 12 symbols, the first 2 OFDM symbol is occupied by control signaling

	RB number
	PRB number is 4

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

	Antenna configuration 
	1T1R

	Channel model
	AWGN

	HARQ
	Single transmission only

	RV
	0

	CRC
	24bits

	Minimum coding rate
	30/1024

	Maximum coding rate
	948/1024

	Efficiency
	Bit per RE



Appendix C
Table 8 Simulation assumptions
	Parameters
	Description

	Deployment scenarios
	[bookmark: OLE_LINK49]Homogeneous network (7*3 site)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Subcarrier spacing
	60kHz

	Scheduled PDSCH time-domain
	7 symbols

	Simulation bandwidth
	20 MHz

	Channel model
	3D Uma

	BS Tx power
	46 dBm

	BS antenna configurations
	1TX

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8dBi

	UE antenna configurations
	2RX

	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

	CQI reporting period
	20ms

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
eMBB: FTP Model 3 with APP packet size 0.5Mbytes 

	Traffic load (Resource utilization)
	URLLC/eMBB: Poisson packet arrival with arrival rate λ to achieve URLLC/eMBB target resource utilization ratio

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

	UE receiver
	MMSE-IRC

	Target BLER
	1e-4
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