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Introduction
Support of new usage scenarios and deployment scenarios in NR demands enhancement on scheduling related procedure compared to LTE. This contribution discusses scheduling procedure and corresponding CSI feedback for NR with focusing on DL data transmission. 
Discussion
Basic scheduling procedure 
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Fig. 1 Basic procedure for DL scheduling

In LTE, the UE performs CSI measurement and report based on a notified configuration from the eNB, whereby the eNB performs scheduling. As shown in Figure 1, a similar scheduling procedure to LTE can be used in NR. In addition to the LTE-like procedure, a CSI report mode optimized for TDD can be introduced, considering that more unpaired bands will be utilized in NR. For example, interference power might be reported to help scheduling in the case that signal power can be estimated by using SRS. 

Observation 1: The basic scheduling procedure in NR can be the same as in LTE. More optimization for TDD, such as feedback of interference power might be beneficial.

CQI feedback considering diversity technique 
Diversity is one of the key technologies to support URLLC. It 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. For example, enhanced distributed resource allocation and a corresponding feedback mode can contribute to efficient resource usage. 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. Furthermore, from the viewpoint of CQI feedback, dedicated mode for such resource allocation would be more efficient for URLLC.

Proposal 1: Study efficient CQI feedback modes in consideration of transmit diversity for URLLC.
 
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 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. 

Observation 2: Support of URLLC requires accurate SINR calculation for scheduling without outer-loop control.

To help 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. Reporting additional information characterising channel fluctuations may help in reducing the feedback overhead. As the stringent requirements of URLLC demands more overhead to achieve sufficient CSI quality with current schemes, it is worth studying new feedback schemes or features which can achieve this with less overhead. Fig. 2(b) shows an example of reporting additional information on channel fluctuations together with CQI, while Fig. 2(a) shows the case of frequent CQI report as comparison. In this example, the UE reports the slope of the current channel fluctuation in addition to CQI, and the gNB calculates the scheduling SINR based on the reported information. Fig. 3 and Fig. 4 show initial simulation results based on the schemes in Fig. 2. Detailed simulation assumption and additional results are provided in Annex. It can be seen that prediction by using slope information can reduce the BLER while maintaining spectrum efficiency for the same feedback periods. In addition, prediction by using slope information with feedback period of 20 TTI achieves better BLER even than simple CQI report scheme with feedback period of 10 TTI.
[image: ] 
Fig. 2 Options for CQI feedback
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Fig. 3: BLER vs SNR (3km/h)
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Fig. 4: Spectrum efficiency vs SNR (3km/h)

Observation 3: Reporting additional information on channel fluctuation, such as the slope of channel fluctuation, can reduce BLER while maintaining spectrum efficiency.

Proposal 2: Study enhancement of CQI feedback to efficiently support URLLC. 

Conclusions
This contribution discussed possible new UE behaviour for CSI reporting for supporting eMBB and URLLC in NR. The observations and proposals made from the discussion are summarized as follows,

Observation 1: The basic scheduling procedure in NR can be the same as in LTE. More optimization for TDD, such as feedback of interference power might be beneficial.

Proposal 1: Study efficient CQI feedback modes in consideration of transmit diversity for URLLC.

Observation 2: Support of URLLC requires accurate SINR calculation for scheduling without outer-loop control.

Observation 3: Reporting additional information on channel fluctuation, such as the slope of channel fluctuation, can help to reduce feedback overhead while achieving sufficient target BLER.

Proposal 2: Study enhancement of CQI feedback to efficiently support URLLC. 
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Annex: Simulation assumptions and further results
Table 1Simulation assumptions
	Parameter
	Value

	Subcarrier spacing
	30kHz

	TTI length
	0.25ms

	PHY Packet Size
	256 bits（32 Bytes）

	MCS
	QPSK (1/12, 1/6, 1/3), 16QAM(1/3), 64QAM(1/3)

	Target BLER
	10-5

	Channel estimation
	Ideal

	CQI feedback
	Ideal (w/o quantization), 2TTI delay

	Antenna Mode
	2x2 MIMO（1stream）

	Measured TTI
	100,000～1,000,000TTI

	Carrier frequency
	4GHz

	UE speed
	3km/h, 15km/h

	Channel Model
	TDL-A(DS=50ns)

	Inter-cell interference
	no
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Fig. 5 BLER performance as a function of feedback period
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Fig. 6: Example of CSI estimation results (Feedback period = 20 TTI)
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Fig. 7 Reference BLER curves in AWGN channel
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