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Introduction
Meeting the stringent requirements for URLLC on latency and reliability has a negative impact on system capacity, particularly if resources are shared with other types of applications. Therefore it is desirable to improve the efficiency of URLLC as much as possible. This contribution discusses the options for such a purpose from the viewpoint of DL scheduling and UL control information.
Discussion
CQI feedback and MCS selection related issue for URLLC 
Support of URLLC requires enhancement of CQI feedback and MCS selection compared to LTE because of its stringent requirements. To meet different latency and reliability requirements for various applications, a gNB may notify the UE the target BLER for calculating CQI during the CSI measurement configuration. Accurate SINR calculation for scheduling plays an essential role for efficient MCS selection and admission control. Especially in the case of URLLC, proper MCS selection needs to be done without conventional outer-loop control. It is because achieving high reliability implies sending very few NACKs. LTE-like outer loop control does not work well because the too infrequent occurrence of NACKs makes it impossible to converge on the target BLER in a reasonable time. The possibility of larger error in SINR estimation for scheduling increases the margin by which MCS needs to be reduced in order to be certain of achieving the desired BLER. As an extreme case, the gNB may decide to always transmit data by means of lowest MCS. Clearly, this may not be an efficient way to support URLLC, regardless of traffic pattern. 

To help with accurate SINR calculation in gNB, the UE may be required to perform CQI measurement and report as frequently as possible. However, that means more overhead for feedback. The following three approaches can be considered to reduce the feedback frequency. 
(1) Immediate CQI report between initial transmission and retransmission
In LTE, eNB can trigger aperiodic CQI reporting to get latest channel status in an expedient timing. In the case of aperiodic URLLC traffic, it is difficult to trigger a CQI report right before transmitting the URLLC data in DL. However, it can be easier to transmit immediate CQI between initial transmission and retransmission. RAN1 has agreed to study how to meet URLLC requirements using at least one HARQ retransmission [1]. One of the main motivations is that HARQ retransmission is generally more efficient than single transmission from the viewpoint of frequency utilization. In that sense, adaptive HARQ is more efficient than non-adaptive HARQ if the gNB can acquire the latest channel information from the expedient CQI report. Further discussion is provided in section 2.2.

(2) Using diversity technique to reduce the impact of channel fluctuations
Diversity is not only able to enhance the coverage (availability) of URLLC, but also reduce the variation of SINR. For DL, transmit diversity over multiple antennas and multiple frequency groups can be considered. A specific CQI feedback mode designed in consideration of diversity properties may improve the efficiency of the system. It is desirable that a sufficiently separated frequency set is used to leverage frequency diversity. This frequency set could be either dynamically or semi-statically configured, while the latter configuration may require less feedback from UE. 

(3) Including additional information in CQI feedback to help proper efficient MCS selection
Reporting additional information characterising channel fluctuations may help in reducing the feedback overhead. As shown in our accompanying contribution [2], reporting additional information on channel fluctuation, such as the slope of channel fluctuation, can reduce BLER while maintaining spectrum efficiency.
 
Proposal 1: Study the following approach to efficiently support URLLC.
(1)	Immediate CQI report between initial transmission and retransmission
(2)	Using diversity techniques to reduce the impact of channel fluctuations
(3)	Including additional information in CQI feedback to help proper efficient MCS selection


Multi-level NACK containing deficit CQI
Table 1 Definition of multi-level NACK
	Information bits
	Meaning
	Difference between actual SINR and SINR required to correctly receive the scheduled MCS

	“00”
	ACK
	-

	“01”
	NACK1
	<= 3dB

	“10”
	NACK2
	<= 6dB

	“11”
	NACK3
	> 6dB



As a special case of immediate CQI report between initial transmission and retransmission of DL URLLC data, multi-level NACK can be defined for the purpose of immediate CQI report. It is because NACK will also be sent from UE after receiving the initial transmission. Table 1 shows an example of multi-level NACK assuming that two bits are transmitted by PUCCH. In this example, three level of NACK are defined according to the difference between actual SINR and scheduled MCS of the initial transmission. By using this deficit CQI additionally, the scheduler can decide the MCS for retransmission more properly. 
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(a) QPSK                                 (b) BPSK + 3PAM
Fig. 1 Constellation of ACK and 3-levels NACK
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Fig. 2 Miss detection rate of multi-level NACK

Moreover, further optimization on constellation(s) for multi-level NACK may be performed considering different probabilities of occurrence and different requirements of miss detection rate between each pair of ACK and NACKs. Fig. 1(a) shows a constellation of QPSK while Fig. 1(b) shows a constellation of BPSK+3PAM. The miss detection rates of (Ack->Nack), (Nack->Ack), (Nack(i)->Nack(j)) of these two constellation are shown in Fig. 2. It can be seen BPSK+3PAM outperforms QPSK for all of the three indices. Basically the required SNR gets lower if the occurrence probability of NACK gets lower. 

Proposal 2: Study multi-level NACK as a special case of immediate CQI report between initial transmission and retransmission of DL URLLC data. In addition, optimization on the constellation diagram of multi-level NACK can be further considered.
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Conclusions
This contribution discussed the options to improve efficiency of transmission of DL URLLC data.  The observations and proposals made from the discussion are summarized as follows,

Proposal 1: Study the following approach to efficiently support URLLC.
(1)	Immediate CQI report between initial transmission and retransmission
(2)	Using diversity techniques to reduce the impact of channel fluctuations
(3)	Including additional information in CQI feedback to help proper efficient MCS selection

Proposal 2: Study multi-level NACK as a special case of immediate CQI report between initial transmission and retransmission of DL URLLC data. In addition, optimization on the constellation diagram of such joint transmission can be further considered.

In particular the NR design should not limit the later introduction of the kind of features discussed here.
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