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1
Introduction
At RAN1#AH and RAN1#88 meeting, it was agreed [1], [2]:

· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links

· Each of the L links corresponds to a CSI reporting setting and a Resource setting

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 

· N, M, and L – indicated either implicitly or explicitly

· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· CRI (CSI-RS Resource Indicator) functionality is supported. CRI functionality includes selection and reporting of indices for N out of K non-zero power (NZP) CSI-RS resources
· CSI reporting band is defined as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting. Three frequency granularities are supported, i.e., wideband reporting, partial band reporting, and subband reporting
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 

· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE

· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.

· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)

· One CSI reporting setting can be linked with one or multiple Resource settings

· Multiple CSI reporting settings can be linked with the same Resource setting

· At least following are dynamically selected by L1 or L2 signaling, if applicable

· One or multiple CSI reporting settings within the CSI measurement setting

· One or multiple CSI-RS resource sets selected from at least one Resource setting

· One or multiple CSI-RS resources selected from at least one CSI-RS resource set

· FFS until the next meeting about details of dynamic triggering

Moreover, [3] addresses some link adaptation aspects specific of ultra-reliable low-latency communication (URLLC), like the convenience of having configurable block-error probability (BLEP) targets. Another contribution [4] describes the importance of having accurate SINR knowledge in the gNB for efficient URLLC scheduling and MCS selection. It is suggested to include additional information in the CQI feedback, e.g. the slope of the channel fluctuation, or to select the MCS based on the lower bound of channel condition upon the timing of data transmission. In this contribution, we address further aspects of the link adaptation for downlink URLLC transmission, and more specifically on the CSI definition and reporting. The contribution is organized as follows. Section 2 discusses important aspects of the link adaptation, whereas Section 3 describes the proposed measurement and reporting procedure. Section 4 concludes with a summary of the proposals. 
2
Discussion on URLLC Link Adaptation
URLLC requirements are typically associated with transmission of small packets with a 1 ms latency budget and 10-5 reliability criteria. The BLEP that each URLLC payload transmission needs to fulfill is not necessarily 10-5 (single-shot transmission), but can be higher if the associated latency budget, control channel reliability, and HARQ round-trip-time allow one or more HARQ retransmissions. For example, assuming a sufficiently short and reliable HARQ feedback procedure, two HARQ transmissions may be allowed within a 1 ms latency budget: an initial one with a moderate BLEP (e.g. 10-2 - 10-3), and a second transmission with a BLEP of no higher than 10-5. The advantage of using multiple transmission attempts as compared to a single-shot transmission is a substantial gain on the system’s spectral efficiency – see e.g. [5], [6]. Certainly, the reliability of initial transmission is linked with the reliability of feedback channel.
Observation 1: Efficient support for URLLC-alike services requires flexible link adaptation mechanisms where different BLEP values are set for transmission and can be guaranteed more accurately per small packet transmission.

The second challenge for efficient link adaptation (and scheduling) of small payloads with URLLC constraints relates to radio channel and interference variations. The radio channel is obviously subject to both time- and frequency-domain variations. However, given that we will operate with at least 2x2 or 4x4 MIMO transmission (single-stream transmit diversity) transmission to to fulfil the URLLC requirements [7]-[8], the effective spatial diversity equals from 4 to 16, and hence the time- and frequency-domain variations caused by fast fading are heavily suppressed, and represent only minor variations. Nonetheless, the UEs experienced SINR is highly time/frequency-variant due to rapid load fluctuations of the different cells, which is by far the most dominant effect on the SINR. As an example, Figure 1 presents a time trace of a cell activity (obtained from system-level simulations) serving a set of URLLC users. A color identifies one UE which is served in the downlink direction. As can be seen from Figure 1, the PRB activity is a time-variant random process, which causes the experienced SINR at the different UEs to be highly time-variant as well. This implies that if a UE measures the SINR on certain PRB (or set of PRBs at a given time), it might be several dBs different shortly after (say from TTI to another). It is therefore challenging to accurately track time- and frequency-variants of the UE experienced SINR due to delays in measuring, formatting, and reporting CSI to the gNB, as well processing delays at the gNB for using the received CSI for downlink transmissions. 
Observation 2: The highly-variant channel quality due to the rapidly-varying cell activity represents a challenge for accurate URLLC link adaptation. 
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Figure 1: Time trace of the downlink PRB allocation in one cell serving URLLC traffic.

In LTE, the CSI feedback is defined for an average BLEP of 10-1 (10%). The UE estimates the CSI based on channel quality measurements on e.g. the Channel State Information Reference Signals (CSI-RS). Lower (or higher) BLEP is generally achieved by use of proprietary eNB outer loop link adaptation (OLLA) mechanisms, which try to tune the BLEP according to the received HARQ ACK/NACK feedback messages. These mechanisms are, however, characterized by slow convergence, and only controlling the average BLEP. For URLLC use cases, controlling the average BLEP is insufficient, the BLEP must be controlled for each transmission to fulfil the outage requirement for small payload transmissions. Also the rate of convergence of OLLA is considered too slow for URLLC use cases.
Observation 3: OLLA has limited potential for URLLC use cases due to its slow convergence, and the fact that it only controls the average BLEP.
Another important issue for link adaptation is delivering the CSI report with a high level of reliability. LTE utilizes a fixed amount of radio resources for delivering CSI over the PUCCH. The reliability of delivering CSI over this channel is not satisfactory at low SINR, as illustrated in Figure 2. It can be observed that there is a high chance that a reported wideband CQI value is decoded wrongly as higher values, which results in higher MCS selection and reduces the communication reliability. Due to the latency constraint, it is not feasible to employ the CSI repetition in time domain. Hence, enhancements to the CSI report scheme are required to increase the reliability of delivering the CSI. Various potential enhancements can be considered for example:

· Increased resource for URLLC UE CSI reporting (while keeping the same CSI payload size as eMBB URLLC UEs): with the increased resource, the effective coding rate can be reduced which leads to more reliable at gNB. 
· Another alternative is to define a smaller CSI payload (while keeping the same coding rate between URLLC UEs and eMBB UEs): in this case the number of CQI values for URLLC UEs is smaller comparing to eMBB UEs which leads to a reduced grantularity of reporting channel quality and hence a smaller MCS table. With the same resource for CSI reporting, the reliability performance for CSI decoding can be improved. 

Observation 4: Different CSI reporting design for URLLC and eMBB is needed.
Proposal 1: Enhanced CSI reporting schemes can be configured for URLLC UEs, for example, increased resource for CSI reporting, reduced CSI payload or the combination. 
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Figure 2: Performance of wideband CQI report in LTE.
3
CQI Reporting Procedure for URLLC

In this section we discuss a CQI measurement procedure for URLLC-alike use cases, where the per-transmission BLEP can be more flexible controlled, considering both the effect of radio channel and interference variations.
The operation and signalling procedure is described in Figure 3. In the first step, the gNB configures the UE to report a CQI value that at maximum will result in a BLEP of X% if the gNb schedule a payload with transmission parameters (modulation and coding scheme) according to the recently received CQI. Valid values of X could be quantized to a modest set of values (e.g. 10%, 1%, 0.1%, etc). 

Proposal 2: The gNB should be able to configure the UE to report a single CQI value that at maximum will result in a BLEP of X%, given that the gNB transmits with transmission parameters according to the recently received CQI value.
As observed in Figure 1, the PRB activity (i.e. at which PRBs the different cells/gNBs transmit) is a highly-variant process with marginal correlation in both time- and frequency domain. To have an accurate estimation of the CQI for the X% BLEP constraint, it is therefore beneficial to account for the variations of the experienced channel quality, and report values only corresponding to the tail channel quality distribution as this is important for URLLC use cases. Our proposal is therefore that the UE shall measure the channel quality on the configured CSI-RS resource set(s). The frequency granularity is determined by the CSI resource setting, as specified in the agreements in [1], [2] (i.e. measured on CSI sub-band resolution). The collected channel quality measurements are sorted by the UE and used to determine the experienced channel quality outage level, i.e. the lowest measured sub-band channel quality. The obtained outage channel quality measurement is then used to calculate the highest supported modulation and coding scheme for the specified X% BLEP constraint, which is reported to the gNB. This should be especially effective to capture the worst interference condition if the CSI measurement is performed instantaneously (i.e. without time-domain filtering) and assuming the frequency-domain variation in channel itself is minimum with the large order of spatial diversity.
Proposal 3: The UE shall measure the channel quality on the configured CSI-RS resource set(s), where the frequency granularity (sub-band) is determined by the CSI resource setting. Based on the worst of those sub-band CQI channel measurements, the UE shall report the highest supported modulation and coding scheme, given a BLEP of no larger than X%.
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Figure 3: Schematic illustration of the proposed procedure.

It is important to emphasize here that these proposals are in line with the quoted RAN1 CSI/CQI agreements in Section 1. What the Proposals essentially suggest, is that the UE measures the channel quality over multiple CSI reporting bands, and collect such channel quality measurements over a certain time interval. Hence, one advantage of the proposal is also that only a single CQI value is reported by the UE (i.e. reduced uplink signalling overhead), although the UE actually monitor the quality on multiple CSI-RS resources. The low overhead of the CQI reporting is of particular importance for URLCC use cases, since that can be translated into a higher receive detection probability of the CQI at the gNB as it allows using stronger encoding. 
Using this procedure, the gNB can transmit its small URLLC payload to the UE ensuring that the experienced BLEP of the transmission will not exceed X%, despite the varying SINR conditions at the UE due to e.g. the load fluctuations of the different cells. 
As an example for the presented proposals, a URLLC UE could be configured to e.g. monitor the channel quality over a total bandwidth of 20MHz with a sub-band resolution of 8-PRBs (assuming 15kHz SCS), measuring on slot-resolution, and reporting the single CQI value every 5ms. 
The presented solution relies on a similar related philosophy as used for LTE CQI reporting mode 2-0, where the UE also monitor the channel quality on multiple sub-bands, and reports only for the selected sub-bands that have the highest quality. However, for the considered URLLC use case, we suggest to have the reporting for the lowest measured channel quality, as this is whats most important for URLLC use case, given the challenging outage requirements for such traffic cases. 

For cases where the interference pattern (as e.g. illustrated in Fig. 1) varies less frequently, it could be beneficial to supplement Proposal 2 with an option, where the gNB could instruct the UE to also report and indicate which subband is the best subband. This would, offer additional a priori information for the gNB to perform clever link and scheduling decisions, but comes as the expence of having a larger total CQI/CSI word size as providing additional information, and hence a risk of higher uplink BLER for the gNB to decode the CQI/CSI.
Proposal 4: As a supplement to Proposal 3, options where gNB could instruct the UE to also indicate the best subband should be considered.

3
Conclusions
In this contribution we have outlined the limitations of the LTE CQI measure and report for URLLC, and the challenges of performing accurate link adaptation in scenarios with rapid interference fluctuations. Based on several observations,

· Observation 1: Efficient support for URLLC-alike services requires flexible link adaptation mechanisms where different BLEP values are set for transmission and can be guaranteed more accurately per small packet transmission.

· Observation 2: The highly-variant channel quality due to the rapidly-varying cell activity represents a challenge for accurate URLLC link adaptation. 

· Observation 3: OLLA has limited potential for URLLC use cases due to its slow convergence, and the fact that it only controls the average BLEP.
· Observation 4: Different CSI reporting design for URLLC and eMBB is needed.
we have presented an solution for CQI reporting that facilitates more accurate and flexible link adaptation for URLLC use cases:
· Proposal 1: Enhanced CSI reporting schemes can be configured for URLLC UEs, for example, increased resource for CSI reporting, reduced CSI payload or the combination. 
· Proposal 2: The gNB should be able to configure the UE to report a single CQI value that at maximum will result in a BLEP of X%, given that the gNB transmits with transmission parameters according to the recently received CQI value.
· Proposal 3: The UE shall measure the channel quality on the configured CSI-RS resource set(s), where the frequency granularity (sub-band) is determined by the CSI resource setting. Based on the worst of those sub-band CQI channel measurements, the UE shall report the highest supported modulation and coding scheme, given a BLEP of no larger than X%.
· Proposal 4: As a supplement to Proposal 3, options where gNB could instruct the UE to also indicate the best subband should be considered.
As a final remark, it shall be mentioned that (as in LTE), our assumption is that there will be multiple CSI/CQI reporting modes supported also for the 5G NR UE, where the gNB is in control of configuring the UEs with CSI/CQI reporting mode to use. Hence, in addition to what is suggested in Proposals 2-4, other options for CQI/CSI reporting modes could also be supported, and thus be configured as desired by the gNB.
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