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Introduction
One of the most important novelty of NR is native support of a wide range of services within one technology, such as eMBB and URLLC. Co-existence of the services requires well-designed radio interface, which should have correct set of parameters for optimization of a system in certain scenario. NR inherits a lot of experience from LTE, which was designed for broadband services and lately adopted for VoIP, IoT, etc. But in addition, NR is being developed for completely new in scope of LTE scenarios, such as URLLC [1].
For support of ultra-reliable services with very short timing limits it is shown in the paper that gNB should be able to schedule radio transmissions with lower than 10% target BLER. To achieve this in efficient way, we propose to introduce an additional, lower BLER target for CQI reporting in NR. Thereby, a motivation and proposals on channel state reporting design are discussed in the paper.
[bookmark: _Ref178064866]Target BLER for CQI reporting
Latency investigation results are summarized in the Table 1. 
Table 1. Maximum number of transmissions (initial transmission + retransmissions) in radio to achieve 1ms latency requirements [2] with 7-os TTI in NR (using a mini-slot).
	
	FDD
	TDD

	SCS
	DL
	UL SR
	UL grant-free
	DL
	UL SR
	UL grant-free

	15kHz
	-
	-
	-
	-
	-
	-

	30kHz
	1
	-
	1
	-
	-
	-

	60kHz
	2
	1
	2
	1
	-
	1

	120kHz
	5
	4
	5
	3
	2
	3



[bookmark: _Hlk494406284]According to these results, latency requirements for URLLC can be achieved only if 1-2 transmissions are taken place in radio interface in case of 60kHz numerology.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Ref494448409][bookmark: _Ref494448417][bookmark: _Ref494448427][bookmark: _Ref494468772]Latency requirements for URLLC can be achieved only if 1-2 transmissions are taken place in radio interface in case of 60kHz numerology.
If we assume that system schedules every transmission at target BLER 10%, as it is in LTE, these values from Table 1 can easily be re-calculated to probabilities by the formula:

where N is number of transmissions are taken place in radio. Here other sources of error are not considered. 
For BLER target 0.1 and 1-2 transmissions a resulting block error probability will be 10-1-10-2. Therefore, it is evident that more stricter reliability requirements will not be achieved within 1ms latency bound.
[bookmark: _Ref494468801]URLLC requirements on reliability could not be achieved in NR with 10% BLER target scheduling.
Considering all above, gNB in NR must support lower target BLER scheduling at least for URLLC. 
[bookmark: _Ref494468815][bookmark: _Toc494758778]RAN1 should consider aspects of scheduling with target BLER lower than 10% for URLLC support in NR.
In UL, a base station can measure SNR directly and allocate MCS according to scenario requirements, but in DL channel estimation and reporting algorithms are used. In principle, there could be a few ways of doing scheduling in DL with lower BLER target:
1) Use legacy CQI target BLER for channel state reporting and apply CQI offset.
2) Use configurable CQI target BLER for channel state reporting.
In the first case, gNB can use a formula to correct a value of received CQI by using CQI offset, like , e.g. if gNb receives CQI 10 and offset is 7, CQI 3 is forwarded to link adaptation algorithm to select the appropriate MCS. As a consequence of this approach, the highest MCS will never be allocated to UE, which leads to inefficient usage of spectrum and waste of signalling overhead. Figure 1 demonstrates a drawback of CQI offsetting.
[image: ]
Figure 1: A drawback of CQI offset approach with legacy CQI reporting
Our simulation results show that in a realistic scenario, the required CQI offset could be very large to satisfy BLER target 10-3-10-5 in one transmission, which blocks usage of almost all MCSs (fig.2), except few lowest, even if radio conditions are very good (fig.3). Simulation assumption is summarized in the last section of this paper.
	[image: ]
Figure 2: MCS statistic usage in case of dynamic CQI offsetting to achieve residual target BLER 10-5
	[image: ]
Figure 3: Measured SINR in DL (load 20%)


Due to these observations, the first method is not attractive.
In simple case, when UE is configured with one service (can transmit data by using only one BLER target), it probably will be not so difficult to explicitly configure UE for CQI reporting with defined BLER target, e.g. 10‑1, 10‑2, 10‑5 etc. LTE-based scheme can be utilized with only one rule, that UE should use separate table set for configured BLER target. In contrast with LTE, where BLER target was hardcoded to 10-1, in NR BLER target could be configured by RRC semi-statically or implicitly configured if UE supports only one BLER target for CQI reporting. 
[bookmark: _Ref494468829][bookmark: _Toc494758779]A CSI Report Setting configuration contains the BLER target a UE shall assume when calculating the CQI. The default value is 0.1.

[bookmark: _Ref189046994]CQI report and TBS scaling
According to recent agreements in RAN1 on TBS size determination [3] a TBS scaling can be configured for different service types. It can be applied for example on  value described in our paper [4]. Therefore, if the lowest MCS cannot support the desired BLER target, it is possible to apply a scaling to the TBS/MCS setting in order to decrease the coding rate further. This extension/scaling of coding rates should be reflected in CQI reporting, because in this case system is under risk to miss low SNR ranges in reports (Figure 4). 
To cover low SNR ranges the TBS scaling factor can have an impact to CQI determination table, which should be indicated as part of the CQI report, or applied depending on specified BLER target. This scaling in some sense extends the supported CQI values to signal channel quality between CQI=0 (“un-reached”) and CQI=1 in terms of initial determination table.
[bookmark: _Ref494468842][bookmark: _Toc494758780]Consider CQI determination scaling along with service-based TBS scaling.
[image: ]
Figure 4: Issue of missing low SNR range in CQI reports in case of TBS scaling.


Conclusion
Based on the discussion propose the following:
Proposal 1	RAN1 should consider aspects of scheduling with target BLER lower than 10% for URLLC support in NR.
Proposal 2	A CSI Report Setting configuration contains the BLER target a UE shall assume when calculating the CQI. The default value is 0.1.
Proposal 3	Consider CQI determination scaling along with service-based TBS scaling.
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Simulation assumption
	Parameter
	Value

	Numerology
	60kHz, 7 OFDM/SF

	Duplex
	FDD

	Propagation
	SCM 3D urban macro

	Carrier frequency, Bandwidth 
	4 GHz, 20 MHz (25 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 
	Residual target BLER=

	Traffic model 
	URLLC with periodic packet arrival (32 B)

	Load
	20%

	Mobility
	Multi-path only 
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