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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. 
URLLC requirements are such that a small packet of size 32 byte can be transmitted within 1ms latency with success probability of 1-10-5. In LTE, CQI report is derived based on 10% BLER. Several retransmissions can be performed to achieve high reliability if required. However, since much stricter requirements on both reliability and latency are set, CQI report for URLLC should be based on lower target BLER. In RAN1 #90bis, the following agreements on CQI report for URLLC have been made.
Agreement:
· 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 signalling 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 MCS table corresponding to the CQI tables for URLLC. 
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[bookmark: _Toc498351134]Below we discuss different aspects of MCS table suitable for URLLC. 
MCS table
Based on the agreement [3] that 1 or 2 separate CQI table(s) for URLLC should be specified, it is natural to define corresponding MCS table(s). Since the MCS table in NR is 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 tables. For URLLC, the main goal is to have the MCS table which contains MCSs with sufficiently low code rate. 
As mentioned in [3] and [4], there can be two separate CQI tables corresponding to two configured target BLER, e.g., 10^-3 and 10^-5 for URLLC. There are two approaches to design MCS table for URLLC. One approach is to have a common MCS table covering the two CQI tables for URLLC. Another approach is to have two MCS tables corresponding to the two CQI tables. That is, UE can be configured with different target BLER during in the CSI report setting, e.g., 10^-1, 10^-3, or 10^-5, with corresponding MCS and CQI tables.
If two MCS tables are supported for URLLC, which MCS table should be used can be RRC configured similar to how the selection of either 64QAM or 256QAM MCS table is performed. 
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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 CQI and MCS tables, 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 URLLC should contain new MCSs with lower code rate than the lowest one in the regular MCS table. These new MCSs can be obtained by scaling the code rate of the lowest MCS in the regular MCS table. 
Since compact DCI with small payload size 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. For example, we can limit the size of MCS table to be 4-bit large covering only MCSs with low efficiency values. 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, it can be expected that there will 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.
Our simulation results show that high MCSs are almost unused due to small TBS for URLLC and high BLER target (even for 10-3). Simulation assumption is summarized in section 5 of this paper, MCS table was taken as for eMBB case, but with limitation of modulation orders up to 64QAM (max MCS19).
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Figure 1. MCS usage by URLLC in DL with new BLER targets.

For UL DFT-s-OFDM waveform, pi/2 BPSK entries shall be considered in the MCS table, keeping the same structure in NR.
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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 regular eMBB. Information about the new MCS selected by gNB can be signalled in the DCI as usual. 
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Conclusion

Based on the discussion in section 2 we propose the following:
	Selection of MCS table for URLLC should be RRC configured
Proposal 1
Proposal 2	Consider limiting the size of MCS table(s) for URLLCs to be smaller than 5 bits (4), taking into account scheduling flexibility
Proposal 3	MCS table(s) for URLLC contain new MCSs with the same modulation order but lower code rate than the lowest one in the regular MCS table
Proposal 4	TBS determination for URLLC follows the same procedure as in that for eMBB.
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Simulation assumption
	Parameter
	Value

	Numerology
	30kHz, 7 OFDM/SF

	Duplex
	FDD

	Propagation
	SCM 3D urban macro

	Carrier frequency, Bandwidth 
	4 GHz, 20 MHz (50 subbands)

	Deployment
	3GPP, 19 sites, 570 UEs

	Tx power
	gNB: 40 W (46 dBm), UE: 0.2 W (23 dBm)

	Cell radius, Forbidden zone 
	166.666 m (ISD=500m), 35 m

	BS antennas
	16 antenna elements (2x4 X-pol), Height: 25 m

	UE antennas
	4

	CSI
	5 TTIs period, R13 16-port codebook

	Link adaptation 
	eMBB MCS table, MCS19 is max, formula based TBS determination
target BLER=10-3 and =10-5

	Traffic model 
	URLLC with periodic packet arrival (32 B)

	Load
	20%

	Mobility
	Multi-path only 
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