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1 Introduction

This is a resubmission of R1-1716326 from RAN1 NR AH#3 meeting.
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]-[2].
2 Applicability of eMBB Link Adaptation Mechanisms

First of all, we analyze the LTE mechanisms of DL link adaptation which can be considered as baseline to support eMBB type of NR services:

· Feedback based closed / open loop adaptation. This mode is assumed as a typical scheme of adapting transmission parameters to the link quality for general type of user plane traffic. The closed loop CSI reporting is assumed to target 10% BLER while gNB always has a freedom to adjust transmission parameters to achieve lower values in open loop manner. In order to support the 0.001% BLER for URLLC services, the open loop adjustment is envisioned to be inappropriate because it requires sufficient time to train the scheduler and find right MCS and transmission parameters. The usage of 10% BLER for CSI reporting is also not appropriate for URLLC services. One can argue, that gNB may always adjust transmission parameters for any other BLER and apply SNR margin similar to how it is done in case of MU-MIMO scheduling. 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.
· Reciprocity based link adaptation. In case of TDD operation, gNB may precisely predict channel state information based on its own measurements while still relying on UE reports for interference estimation. Since this mechanism is only available for unpaired spectrum, the URLLC design should be based on a more general assumption of unavailability of channel reciprocity.
· Large scale measurements based link adaptation. In some cases, gNB may choose transmission parameters based on large scale channel quality measurements. This may happen when CSI is not available, e.g. in case of initial transmission when neither periodic CSI not triggered CSI have been received.
Observation 1

· Link adaptation mechanisms targeting eMBB services should be enhanced to support URLLC.
3 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 relatively large 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 (as shown in Figure 1).
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Figure 1. Difference in effective SNR prediction error due to different BLER slope assumptions.
Observation 2
· Different URLLC services require different BLER operation points.

· Setting a single predefined BLER target for CSI reporting is not be desirable for URLLC operation in terms of both ability to meet the reliability target and spectrum utilization efficiency.

Further, 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.

Proposal 1

· NR should support calculation of DL CSI/CQI based on more than one BLER target

· UE can be configured to calculate CSI/CQI based on a particular BLER target

· UE can be configured to calculate CSI/CQI based on multiple BLER targets

· FFS how many and which BLER targets to be supported

4 Different Interference Hypotheses

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 in 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 are no UEs requiring very large BW to meet given URLLC requirements.

Observation 3

· Interference coordination techniques should not be assumed as a baseline for URLLC services

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 (as illustrated in Figure 2).

· 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”.

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.
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Figure 2. CSI for different interference assumptions.

Proposal 2

· NR should support different assumptions on interference averaging for CSI/CQI reporting, independent of CoMP support
5 Evaluation Results
In order to illustrate the potential problems of LTE-like CQI reporting in application to URLLC services, a simplistic analysis is provided in this section. The following combinations of target BLER for CQI reporting and MCS table assumptions are evaluated:

	
	Operation point 1e-5, Reporting 1e-1
	Operation point 1e-5, Reporting 1e-5

	LTE CQI table based
	CQI index from LTE table is generated under 1e-1 BLER assumption and recalculated to 1e-5 at TX side
	CQI index from LTE table is generated under 1e-5 BLER assumption and recalculated to 1e-5 at TX side

	LTE MCS table based
	MCS index from LTE table (more precise than CQI table) is generated under 1e-1 BLER assumption and recalculated to 1e-5 at TX side
	MCS index from LTE table (more precise than CQI table) is generated under 1e-5 BLER assumption and recalculated to 1e-5 at TX side


The analysis is under the following assumptions:

· A UE estimates effective SINR on a particular channel realization and finds the most spectrum efficient wideband MCS/CQI from the table which operates at the configured target BLER (1e-1 or 1e-5).
· The reported MCS/CQI is converted to effective SINR.

· The effective SINR is used to find the most spectrum efficient wideband MCS to operate at 1e-5. The calculated MCS is compared to the one obtained by the receiver at 1e-5 level.

Following histograms in Figure 3 illustrate the difference of MCS indexes for ideal MCS selection case and realistic MCS selection based on CQI. The results are provided for different SNR values under IMT-UMi fast fading channel.
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Figure 3. MCS selection difference for frequency selective channel.
From the results it can be seen, that the target BLER for calculation of the CQI report can impact the reliability and spectrum efficiency under idealistic assumptions. Using the LTE CQI table, there are many cases when the MCS is selected higher than the required one that would lead to services outage. In case of ideal CQI table which is based on MCS table, the usage of different target BLER is even more dangerous and provides high rate of MCS selections above the ideal one. When the CQI is reported under 1e-5 assumption, the mismatch is significantly reduced.
It should be noted, that the evaluations do not take into account channel variations in time and interference variations which require additional considerations as discussed in previous section. Based on the analysis we conclude that NR should support link adaptation and CQI reporting mechanisms different from LTE. For example, a configurable BLER target and potentially configurable/flexible CQI table should be further studied.
Observation 4

· Under given evaluation assumptions, configurable BLER target provides significantly better link adaptation performance in case of LTE-like CQI table
· The enhancements to CQI table/reporting granularity should be considered to extract gains from the configurable BLER target
6 Conclusions

In this contribution we discussed the issue of link adaptation for URLLC operation. Based on the discussion we have the following observations and proposals:

Observation 1

· Link adaptation mechanisms targeting eMBB services should be enhanced to support URLLC
Observation 2
· Different URLLC services require different BLER operation points

· Setting a single predefined BLER target for CSI reporting is not be desirable for URLLC operation in terms of both ability to meet the reliability target and spectrum utilization efficiency
Observation 3

· Interference coordination techniques should not be assumed as a baseline for URLLC services

Observation 4

· Under given evaluation assumptions, configurable BLER target provides significantly better link adaptation performance in case of LTE-like CQI table

· The enhancements to CQI table/reporting granularity should be considered to extract gains from the configurable BLER target
Proposal 1

· NR should support calculation of DL CSI/CQI based on more than one BLER target

· UE can be configured to calculate CSI/CQI based on a particular BLER target

· UE can be configured to calculate CSI/CQI based on multiple BLER targets

· FFS how many and which BLER targets to be supported
Proposal 2

· NR should support different assumptions on interference averaging for CSI/CQI reporting, independent of CoMP support
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