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Introduction
In the previous RAN1 WG meetings, the URLLC design was briefly touched. The main discussion focus was on evaluation assumptions and methodology and on frame structure implications. However, there are much more aspects that need to be carefully studied in order to design a radio access technology that supports URLLC in efficient manner. One of the target metrics for URLLC operation is the maximization of system capacity, i.e. maximize the number of simultaneously served URLLC users and/or the supported UE data rate within the strict latency and reliability. In this contribution we discuss the aspects of link adaptation for URLLC which may be crucial to optimize the system performance. Other URLLC related considerations can be found in our companion contributions [1]-[6].
Discussion on URLLC Link Adaptation
In current LTE systems, the basic closed loop link adaptation operation mode is based on CSI reporting which comprise CQI along with RI and PMI. These indicators are used to predict spectrum efficiency of a transmission and assign transmission parameters that suit for a given data in a buffer also taking into account scheduling fairness between multiple UEs. The CQI is assumed to correspond to a SE value which is achieved at BLER of 10%. Such assumption allows to efficiently use spectrum resources because in 90% cases, the initial transmission demanding smaller amount of spectrum resources will be successfully decoded at the receiver, while only in 10% cases the HARQ retransmission will be triggered which will consume additional spectrum.
In case of URLLC, there is a strict error rate target that should be achieved within a given time budget. Currently, the general KPI for URLLC is 99.999% reliability within 1 ms latency [1]. The typical LTE operation may assume that it achieves 90% reliability within 4 ms latency and higher reliability with higher latency. Obviously, the link adaptation for New RAT (NR) URLLC should have another requirement on target BLER in order to be able to provide the required reliability within the required latency. In the next sub-sections, we discuss the benefits of configuring different BLER target for link adaptation as well as different interference measurement hypothesis.
Different BLER Targets
The HARQ may substantially relax the required BLER for the initial shared channel transmission under conditions of reliable control channels and feedbacks. However, in some cases there may be no sense to rely on HARQ due to HARQ RTT values supported by current network configuration or due to link budget limitation. Therefore, in some cases the target BLER for CSI reporting may be set to meet the target reliability from one-shot transmission, although in case the HARQ is available, the BLER target may be relaxed assuming the retransmission can recover the transport blocks within the target latency.
Based on these considerations, in order to enable spectrum efficient URLLC, the target BLER for CSI reporting should be flexibly configured contrary to the fixed BLER target in LTE. It may be argued, that BS may recalculate the CQI for a given target reliability, however such behavior may be dangerous in terms of both spectrum efficiency and reliability due to generally unknown BLER slope of the UE and deviation in prediction of CQI for the lower BLER values.
Observation 1
· Different URLLC services may require different BLER targets for channel quality reporting.
· Setting a single predefined BLER target for CSI reporting may not be desirable for URLLC operation in terms of both ability to meet the reliability target and spectrum utilization efficiency.
In order to allow spectrum efficient URLLC operation, the multi-CQI reporting for different BLER targets may be configured to a UE based on the requested service reliability and latency requirement. The first BLER target (e.g. B1) may be set for CSI1 reporting which will provide spectrum efficient initial transmission and another BLER target (B2) may be set to calculate CSI2 and corresponding SE for the target reliability. Similarly to LTE, in this case the initial transmission may success in most of the cases using less spectrum while the retransmission may be sent with SE needed to achieve the target reliability within the latency.
In order to select the target BLER value and the transmission parameters for initial transmission and retransmissions, the following inequality should be satisfied for the case when one retransmission is possible in a given latency budget (i.e. one initial transmission and one retransmission):


where M1 – the amount of spectrum resources allocated to the initial transmission, M2 – the amount of resources allocated to the retransmission. The following constraint should be additionally satisfied because of the latency requirement:


where L1 – the time allocated to the initial transmission, L2 – the time allocated to the retransmission, LF – the latency needed to deliver HARQ feedback and schedule the retransmission, L – the available latency budget, which is dynamically determined based on the requested service latency and the queuing/scheduling, TX processing, RX processing delays. The W1, W2 and W are the corresponding allocated bandwidth for each transmission component.
As it may be seen, the B1 may be selected to extract spectrum efficiency gains for a given latency budget and available bandwidth. Moreover, the selection of B1 may depend on control channel reliability and feedback channel reliability. Therefore, both B1 and B2 may need to be configurable for a UE based on long term channel conditions and the requested service quality.
Proposal 1
· Further study configurable link adaptation BLER targets for URLLC operation.
· Further study multiple channel quality reporting for multiple BLER targets for URLLC operation.
Different Interference Hypothesis
Another aspect of link adaptation is the possibility to predict interference level and spatial structure in order to maximize the capacity while meeting the reliability targets.
In general, in order to meet the reliability requirements the interference level either needs to be controlled (e.g. by inter-cell coordination techniques like frequency reuse) or be assumed at the maximum level observed under current deployment scenario. We note, that interference control may not be always available due to very strict requirements:
· Semi-static resource partitioning in frequency (hard or soft frequency reuse) may limit the available bandwidth in each cell and therefore constraint the achievable link budget and reliability for UEs is cell edges which require large BW to meet the BLER targets.
· Dynamic interference coordination, e.g. CoMP schemes may not work in cellular Macro deployments where the backhaul latency for coordination may exceed the latency requirements.
We note, that there are scenarios where interference coordination is possible, e.g. in small cell or indoor/factory environment where different TRPs may be connected to a single coordination unit and be scheduled jointly with full knowledge of potential interferences. The semi-static FDM resource partitioning may also work in some cases when there is no UEs requiring very large BW to meet given URLLC requirements.
Taking into account the above considerations, we may need to study how to handle or be protected from uncontrolled inter-cell interference.
In this section we discuss the possibility to use HARQ mechanism and multiple CSI reporting hypothesis to deal with uncoordinated interference. In order to be able to extract some spectrum efficiency gains from the knowledge of interference dynamics, the different interference hypothesis may be used for initial transmission and the retransmission.
· Initial transmission may be scheduled assuming average or instantaneous interference measurements. This interference measurement set may be considered as “optimistic”.
· Retransmission(s) may be scheduled assuming the worst case interference in order to hit the reliability target with any interference. The interference measurement in this case may be considered as “pessimistic”.
[bookmark: _GoBack]Such combination may provide robust and spectrum efficient URLLC operation assuming the first transmission will pass in many cases while the second transmission will be triggered only for 1-10% of packets consuming additional spectrum.
The described approach of link adaptation was evaluated by system level simulation using the agreed assumptions also listed in the Appendix section. The mini-slot of 4 symbols in 60 kHz SCS was used for transmission. The approach is compared to the case of selection of transmission parameters using only “pessimistic” interference measurements. The CDF of packet error rate is shown in Figure 1.
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[bookmark: _Ref465948837]Figure 1. PER CDF for URLLC Urban Macro scenario with target reliability 1-10-3.
Proposal 2
· Further study multiple channel quality reporting for different interference measurement sets to facilitate spectrum efficient URLLC operation.
Conclusions
In this contribution we discussed the issue of link adaptation for URLLC operation. Based on the discussed and presented evaluation we have the following proposals:
Proposal 1
· Further study configurable link adaptation BLER targets for URLLC operation.
· Further study multiple channel quality reporting for multiple BLER targets for URLLC operation.
Proposal 2
· Further study multiple channel quality reporting for different interference measurement sets to facilitate spectrum efficient URLLC operation.
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Appendix – Evaluation Assumptions 
	Parameters
	Urban Macro

	Reliability and latency targets
	0.5 ms with 99.9% reliability

	Layout
	Macro layer: Hexagonal Grid

	Inter-BS distance 
	500 m

	Carrier frequency 
	4 GHz

	Simulation bandwidth
	20 MHz

	Channel model
	36.873 3D UMa

	BS Tx power
	46 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	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

	Traffic model
	URLLC: FTP Model 3 with packet size 50 bytes 

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

	UE receiver
	MMSE

	MIMO TX scheme
	SFBC

	Channel estimation
	Ideal channel estimation

	Admission control
	140 dB DL MCL is used for admission control
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