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1	Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213]The work item on enhanced Industrial Internet of Things (IoT) and URLLC support was approved in RAN#86 and revised during RAN#88e [1]. As one of the objectives, potential enhancements on physical layer feedback was included as below:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
        		Note: DMRS-based CSI feedback is not in scope of this WI 
In this contribution, we discuss the necessity and potential enhancements related to CSI feedback for URLLC/IIoT use cases. In Section 2, we discuss the problem of inaccurate link adaptation as a consequence of the fast (and often unpredictable) interference fluctuations when serving URLLC traffic. This problem has been discussed in our previous contribution [2] and, since then, the problem has also been raised both in academia [3, 4], and during the Rel-16 eURLLC baseline performance evaluation activities [5].   In Section 3 of this contribution, we present further additions/enhancements to existing CSI feedback which supports more flexible link adaptation for variable target BLERs, transport block (TB) sizes, different channel conditions etc. while still ensuring good spectral efficiency. Finally, Section 4 proposes another CSI feedback enhancements for facilitating outer loop link adaptation (OLLA) for URLLC/IIoT use cases followed by Conclusions in Section 5.
[bookmark: _Toc415085486][bookmark: _Toc503902285]2	CQI Reporting Enhancements for URLLC
In NR Rel-15, the basic CQI design was agreed. Among others, it includes CQI tables for BLER targets of 1E-1 and 1E-5, where the CQI table for URLLC with target BLER of 1E-5 is composed of 16 entries, including one entry of “out of range”. One challenge for accurate link adaptation (and scheduling) of small payloads with URLLC constraints relates to radio channel and interference variations. Given that URLLC/IIoT payloads are generally quite small, they are often scheduled over fewer PRBs than available within the total carrier bandwidth, offering little frequency domain averaging if localized resource allocation is used, while some frequency diversity can be achieved with distributed resource allocation. In addition, the UEs experienced SINR is also highly time-variant due to rapid load fluctuations of the neighboring cells. As an example, Figure 1 presents a time trace of the allocated PRBs of a cell serving a set of URLLC users (obtained from dynamic system-level simulations) with corresponding payload size of 200 Bytes. 
[image: ]
[bookmark: _Ref46926715]Figure 1: Time trace of the downlink PRB allocation in one cell serving URLLC traffic. 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 also be highly time-variant (due to variations of the experienced other-cell interference). 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 one 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 as processing delays at the gNB for using the received CSI for downlink transmissions. These fast variations of the SINR in both time- and frequency domain also imply limited benefit of frequency-selective CQI as compared to wideband CQI reports.
Observation 1: The highly-variant channel quality due to the rapidly-varying cell activity represents a challenge for accurate URLLC link adaptation. In these scenarios, frequency-selective CQI reports may have limited benefit over wideband CQI reports.
This problem was also raised by other companies during Rel-16 eURLLC baseline performance evaluations activities [5]. To deal with this challenge, it is beneficial that the CQI report includes information on the worst case SINR conditions experienced at a given time, i.e. the tail of the user channel quality distribution, as an indication of the worst-case interference. This is especially important for URLLC, where the small payload transmissions may only occupy one or a few sub-bands and, assuming no coordination between cells, it could be subject to high inter-cell interference. Similar principles have also been studied in academia, e.g. [3], [4].
Observation 2: For URLLC link adaptation, it is beneficial to have knowledge on the worst case SINR conditions experienced by the UE at a given time, i.e. the tail of the user channel quality distribution.
In light of these problems, the following is proposed:
Proposal 1: CSI feedback enhancements in Release-17 should include CQI feedback enhancements for more accurate MCS selection. 
In the following section, we discuss a CQI reporting mode that provides information on the channel quality experienced on the worst sub-band or, more generically, on the average of the worst-M sub-bands. 
2.1 Proposed Worst-M CQI Reporting Format
In the proposed CQI reporting mode, the UE shall report to the gNB: i) a wideband CQI value, that at maximum will result in a BLER of 10-X (X ∈ [1,5], as agreed for NR Rel-15) if the gNB schedule a payload with transmission parameters (modulation and coding scheme) according to the recently received CQI over the entire band; and ii) a CQI value that results in a maximum BLER of 10-X if transmitting only over the worst-M sub-bands.
The CQI value of the worst-M sub-bands could be signalled differentially relative to the respective wideband CQI. The proposed CQI reporting mode is similar to the Best-M reporting mode in LTE [3GPP TS 36.213]; however, this scheme applies the opposite criterion when sorting the channel quality measurements, and does not include information on the positions of the M-worst sub-bands due to the limited benefit of frequency-selective information as discussed in Section 2. Including wideband CQI information in the report provides large flexibility to the radio resource scheduler at the gNB; For instance, based on the allocated bandwidth, the gNB can select the MCS based on the wideband CQI (for wideband allocation), worst-M CQI (for some random narrow-band allocation), and e.g. interpolate between the reported CQI indexes for allocation sizes in between. 
The value of M can be higher-layer configured e.g. in line with the expected allocation size (#PRBs) of each URLLC payload versus the size of the sub-band. A simpler alternative consists of fixing the value of M in the specs (e.g. using different settings of M depending on the carrier bandwidth and/or the sub-band measurements bandwidth and/or subcarrier spacing). 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 4-PRBs (assuming 30kHz SCS), measuring on slot-resolution, and reporting the CQI value every 2 ms. 
Recall that the presented solution relies on a similar 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 what is most important for URLLC use case, given the challenging outage requirements for such traffic cases. 
Proposal 2: The UE can be configured to report the CQI associated with the worst-M sub-bands for the defined target BLER, in addition to the wideband CQI. The details on the definition of the value of M, sub-band sizes as well as the coding of the two reported CQI values are FFS.
2.2 Performance Results
In this section, system-level simulation results are presented to demonstrate the benefits of the worst-M CQI report. A summary of the simulation assumptions is found in Table 1 in Appendix A. The adopted network scenario is based on the Rel-15 enabled use case with Urban Macro (UMa) described in TR 38.824 with 4 Tx/Rx antenna port configuration and 10 UEs per cell. Each UE is configured with unidirectional FTP3 downlink traffic with 50 Bytes packet size, and variable arrival rate to simulate different offered load conditions in the network. 
A physical layer configuration with 30 kHz subcarrier spacing and 4 OFDM symbol (143 µs) mini-slot duration is considered. The assumed sub-band size is 4 PRBs, resulting in 13 sub-bands for the considered 20 MHz carrier bandwidth. The BLER target associated to the CQI report is configured to be 10-5. The UE reports a CQI every 2 ms, and it takes 4 ms from the time the UE estimates the channel quality on a given set of reference signals until the corresponding CQI is available and used at the gNB for downlink link adaptation. Only the latest available channel quality measurement is used to derive the CQI report. We evaluate the performance of Worst-M CQI, with M=2 sub-bands, versus the existing Wideband (WB) CQI report.
The gNB selects the MCS according to the latest available CQI report and schedules the DL payload randomly across the available PRBs (since no frequency-selective CQI information is available). No outer-loop link adaptation mechanisms are considered. For wideband CQI, we also consider the case where gNB applies a fixed offset (in dB) to the reported CQI index for selecting the MCS. For the presented simulation results, the offset ranges between -4 and -6 dB depending on the offered load. The offset has been selected heuristically by running multiple simulations with different offset values and selecting the one providing an average BLER closest to Worst-2 CQI. This allows performance comparison of WB CQI and Worst-2 CQI under the same reliability/BLER performance conditions.
Figure 2 shows different performance metrics for the studied CQI reporting schemes under various offered load conditions of URLLC traffic. With wideband CQI, the gNB performs a spread (random) allocation with a MCS according to the wideband channel quality conditions experienced over the entire bandwidth. As the allocation size for URLLC is typically small (few PRBs), there is a non-negligible probability of experiencing high interference on the selected resources which results in poor BLER performance (~1% BLER for 14 Mbps offered load) and a latency that exceeds the requirements of typical URLLC-alike use cases. In contrast, by reporting to the gNB a CQI derived from the Worst-2 sub-bands, a more appropriate (conservative) MCS is selected, which reduces considerably the achieved BLER and thus the experienced latency (on randomly selected frequency resources). In the considered scenario, similar BLER performance can be achieved by applying a negative offset (by gNB implementation) to the WB CQI; however, this approach is generally inconvenient/unpractical since the optimal offset value depends on multiple factors, e.g. deployment (indoor, macro, etc.), network load, and UE position (cell-center, cell-edge, etc.). For instance, large offsets are generally required (> 6dB) at low or medium offered loads, whereas smaller offsets (0 to 4 dB) are needed at high load as there is a smaller difference between the worst and average channel conditions. This translates into worse latency and PRB utilization/spectral efficiency performance, compared to the Worst-2 scheme, as observed in the center and right figures in Figure 2, respectively. 
Based on the obtained system-level results, the following observation is made: 
Observation 3: Simulation results show that the proposed Worst-M scheme offers lower latency and equal or lower BLER performance than existing schemes, while still providing higher spectral efficiency/lower PRB utilization when comparing with existing schemes under the same reliability/BLER conditions.
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[bookmark: _Ref35425296]Figure 2: Left: the experienced first transmission BLER of the URLLC payloads. Center: the 99.999%-ile of the latency distribution across all UEs. Right: average PRB utilization in the network.

[bookmark: _Ref47431564]3 	Further Feedback Enhancements for URLLC
The scope of further enhancements is to allow gNB to perform very accurate MCS selection decisions such that good spectrum efficiency can be maintained while respecting a certain (but still flexible) target BLER requirement.  With this capability gNB could e.g. apply BLERtarget=1E-5 to a packet which has no time for HARQ retransmissions, and it could apply e.g. BLERtarget=1E-2 in case the packet has time for 1 or 2 retransmissions.
Traditionally link adaptation has been based on CQI feedback from the UE to gNB. The scope has been mobile broadband traffic for which the target is to maximize spectral efficiency – thus the CQI reports are provided against a rather high target BLER of 10% or 1E-1. In order to support URLLC use cases, TS 38.214 has introduced an alternative target BLER of 1E-5. This is an enhancement, but it still leaves many problems open, such as link performance dependency on block size and propagation conditions, which is illustrated in Figure 3. Figure 4 describes how the propagation conditions are reflected by the standard deviation of SINR distribution (we will return to this point later on in this contribution). The performance also depends on the present interference. Additionally, CQI report target BLER is limited to being either 1E-1 or 1E-5, while real URLLC use cases may be subject to nearly any target BLER. For instance, the target BLER at MAC/PHY can dynamically change between packets even if they belong to the same service flow (e.g. because of differences in remaining latency budget).  
[image: ] 
[bookmark: _Ref46990625]Figure 3: Link level simulation results showing the performance of different TBSes (80 / 256 / 1032 bits, corresponding to 1 / 2  / 8 PRBs) under different channel conditions (LOS:TDL-E 30ns, NLOS: TDL-C 300ns) using QPSK R=0.438.   Dominant Interferer Proportion (DIP) is -3dB. X-axis gives wideband mean SINR.
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[bookmark: _Ref46990629]Figure 4. Standard deviation of post-combined SINR samples, corresponding to Figure 3.
Observation 4: URLLC link performance and MCS selection are sensitive to TBS.
Observation 5: URLLC link performance and MCS selection are sensitive to channel type, or the characteristics of the SINR distribution that the UE experiences.
Observation 6: URLLC MCS selection is subject to target BLER, which is variable even if QoS parameters are static.
Ideally gNB should have the per-RE SINR information to make efficient MCS selection decisions [8]. In Rel-16 the frequency domain granularity of UE measurement reports does not allow this, and the reporting overhead would anyway be a concern even if it was possible. However, even per-RE or per-PRB SINR information may be insufficient, because highly accurate link adaptation – especially in case of low target BLER – calls for knowledge of the tail of the SINR distribution, i.e. the part of the distribution which is loaded by interference and/or suffering poor propagation conditions. Figure 5 shows the PDF of 100 normally distributed samples with mu=0 and sigma=1. We can observe that most samples are within about ±3 standard deviations which means that there are only samples whose occurrence probability is ~1E-3 or higher. Therefore, when gNB needs to perform MCS selection against e.g. BLERtarget=1E-5, the CQI samples reported by the UE generally provide information only about the high-probability area of the distribution. gNB can do better decisions if UE reports the SINR distribution characteristics, e.g. SINR mean and standard deviation, since with that information gNB can also work with the low probability distribution tails which are outside the sampled area (marked with red circles in Figure 5).
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[bookmark: _Ref46491621]Figure 5:  PDF of 100 samples drawn from a normal distribution with mu=0 and sigma=1, and the theoretical PDF of such distribution.  One-sided probability of samples being >3*sigma away from the mean is ~1E-3.
Observation 7: With the current CQI reporting methods gNB does not know the necessary channel quality statistics, hence it cannot make efficient MCS decisions in URLLC use cases. This is especially true when TBS and target BLER are different from the assumptions used in UE’s CQI report, which is nearly always the case.

3.1 	Reporting of SINR distribution parameters 
It is proposed that the UE computes and reports to the gNB the SINR distribution characteristics: mean and standard deviation.  To get SINR mean value, we assume that the UE first computes the linear domain mean SINR over the k resource elements (REs) for which a CSI-RS measurement is available, then the linear SINR is converted to dB-domain, i.e.: 
SINRmean [dB] = 10*log10( sum( SINR_lin( k ) / kmax ),										equation (1)
where k iterates through the REs which are used in SINR estimation and kmax is the number of samples used in computing the mean value. Considering that SINR distribution is lognormal, we work in dB-domain to get the standard deviation.  We need the log-domain mean value and difference values to compute the std:
	SINRmean,log = mean( SINR_dB( k ) )															equation (2)
	SINRdiff(k) = SINR_dB( k ) – SINRmean,log														equation (3)
	SINRstd [dB] = sqrt(sum( SINRdiff( k ).^2 ) / kmax )											equation (4)
It should be noted that in Rel 16 the reference point for UE measurements (e.g. L1-SINR) is the antenna connector (for FR1).  However, for MCS selection, what really matters is the post-combined SINR distribution and therefore in equations (3-6) SINR_lin( k ) and SINR_dB( k ) are the estimated post-combined RE-specific SINR-values. The post-combined SINR distribution can be different from the SINR distribution at the antenna connector, which does not account for the number of Rx antennas nor the gains that Rx architecture may provide via combining techniques (e.g. MRC/IRC) and/or channel estimation techniques and/or decoding techniques (linear/nonlinear receivers).  Discussion about post-combined SINR is in appendix B. 
Once the SINR distribution characteristics have been computed, UE can report e.g. SINRmean (equation 1) and SINRstd (equation 4) to gNB.  This will allow gNB to perform accurate link adaptation for any block size, any target BLER and any channel conditions.  The exact details of reporting are left for further study.
Proposal 3: Study the requirements of reporting a variable or variables which indicates to gNB the type of SINR distribution that the UE experiences. Finding a convenient (for UE) & efficient reporting variable for this purpose is FFS. 
3.2 	Using SINR distribution information
Given SINR mean and standard deviation values, a large number of channel realizations can be generated, and mean error probability can be obtained for each MCS/SINRmean/SINRstd/TBS combination. Tabulating that data, gNB can perform relatively accurate link adaptation for any target BLER, any TBS, and any channel type even when there is no OLLA (outer loop for link adaptation) present.
Figure 6 gives an example of the achievable error probability distribution (CDF) for URLLC users with BLERtarget=1E-5, when the system is fully loaded by users which are served by infinite buffer traffic.  As can be observed, even without OLLA only a fraction of samples does not meet the target BLER.
[image: ]
[bookmark: _Ref46752858]Figure 6.  BLER CDF of URLLC users in a fully loaded system.

4	Enhancements to Outer Loop Link Adaptation 
Usage of OLLA is a well-known technique, which helps link adaptation to meet the target BLER even when there are UE-specific performance differences and/or performance differences which originate from the channel conditions. Up to Rel 16, HARQ-ACK/NACK feedback has been used to steer OLLA. This has been possible with mobile broadband traffic when the overall goal has been to maximize the network capacity. Correspondingly, the target BLER has typically been in the 1%-20% range.
While HARQ-ACK/NACK feedback has worked well with mobile broadband traffic, it is clear that it is not a feasible solution in URLLC use cases which have very low target BLER, and whose latency budget may additionally not allow any retransmissions.  When the target BLER is e.g. 1E-5 (or lower), it might take from minutes to days until there’s a single HARQ-NACK, which means that the radio environment and the channel conditions have changed several times before any HARQ-ACK/NACK based control loop can converge. 
With this said, it is clear that a new solution is needed to support UE- and channel-specific performance variations.  Ideally the solution should be able to react before any transmission errors are materializing.
Observation 8: HARQ-ACK/NACK based OLLA is not a feasible solution in URLLC use cases which have very low target BLER.

4.1 	New feedback to support OLLA in URLLC
It is assumed that the UE has the capability to estimate the error probability of a received transport block (TB). When UE sends HARQ-ACK/NACK information for a TB, it could at the same time additionally send feedback about the estimated TB error probability. That allows OLLA to react to the existing channel conditions before any transmission errors take place.
Example: Let’s assume a case with BLERtarget=1E-5 and UE receiving a TB correctly; however, the UE estimates that the error probability (EP) of the TB was 3E-4.  In this case it sends to gNB a positive HARQ-ACK feedback together with EP=3e-4.  Because condition EP > BLERtarget is true, gNB may adjust OLLA towards more robust MCS selection. In other words: the former HARQ-ACK/NACK -based OLLA steering is replaced with error probability feedback, which is compared to the intended BLER target, and the outcome of the comparison is used to steer OLLA.
A practical form of feedback could be the absolute value of the BLEP exponent, which could be written as
[bookmark: _GoBack]	EPfeedback = round( -log10( EP ))															equation (5).
We expect that 2-3 bits would be the relevant range, since the estimation of very low error probabilities is likely to suffer from inaccuracies. 
Estimation of EP at the receiver end is UE implementation specific and there are several possibilities how EP can be estimated. One option is to use decoded LLRs (log-likelihood-ratios), which can for example be mapped to Mutual Information which can further be mapped to block error probability, see e.g. [6][7].

4.2 	Initial performance results with EP-based OLLA steering
Initial performance simulations have been done using the assumptions in Appendix A / table 2. Target BLER of URLLC users was set to 1E-5 and the scenario had additionally 10% of eMBB users who generated infinite buffer background load. These users are randomly distributed in the network area and thus some cells operate at 100% PRB utilization and some others operate at fractional load generating sporadic interference. The simulated performance shows only the URLLC user statistics.
The system uses link adaptation according to the description given in section 3 of this paper. SINR distribution parameters have been estimated from the worst 5 PRBs. OLLA operation applied the following rules:
· Current OLLA offset is subtracted from the estimated mean SINR before each LA decision.
· When UE reports HARQ-NACK or when UE-reported EP > BLERtarget, the OLLA offset is increased by a certain value (in dB). 
· Similarly, when UE-reported EP ≤ BLERtarget, the OLLA offset is decreased by another certain value.
The red curve in Figure 7 shows the system performance without EP-based OLLA. The blue curve in Figure 7 shows the performance of the same system when EP-based OLLA has been activated.  As can be seen, the error probability performance is significantly improved by EP-based OLLA and only very few samples do not meet the target BLER.  Figure 8 shows that the low error probability is not achieved by simply transmitting everything with the most robust MCS.
[image: ]
[bookmark: _Ref46926728]Figure 7.  BLEP CDFs with (blue) and without (red) EP-based OLLA.
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[bookmark: _Ref47429128]Figure 8.  MCS usage distribution with (left) and without (right) EP-based OLLA.

Proposal 4: In order to enable proper OLLA operation with very low BLER targets, UE shall report the estimated TB error probability (EP) to gNB in addition to the HARQ-ACK feedback. 
5	Conclusions
In this contribution, we have discussed potential enhancements related to CSI feedback for URLLC/IIoT use cases, as summarized in the following proposals and observations: 
Observation 1: The highly-variant channel quality due to the rapidly-varying cell activity represents a challenge for accurate URLLC link adaptation. In these scenarios, frequency-selective CQI reports may have limited benefit over wideband CQI reports.
Observation 2: For URLLC link adaptation, it is beneficial to have knowledge on the worst case SINR conditions experienced by the UE at a given time, i.e. the tail of the user channel quality distribution.
Proposal 1: CSI feedback enhancements in Release-17 should include CQI feedback enhancements for more accurate MCS selection. 
Proposal 2: The UE can be configured to report the CQI associated with the worst-M sub-bands for the defined target BLER, in addition to the wideband CQI. The details on the definition of the value of M, sub-band sizes as well as the coding of the two reported CQI values are FFS.
Observation 3: Simulation results show that the proposed Worst-M scheme offers lower latency and equal or lower BLER performance than existing schemes, while still providing higher spectral efficiency/lower PRB utilization when comparing with existing schemes under the same reliability/BLER conditions.
Observation 4: URLLC link performance and MCS selection are sensitive to TBS.
Observation 5: URLLC link performance and MCS selection are sensitive to channel type, or the characteristics of the SINR distribution that the UE experiences.
Observation 6: URLLC MCS selection is subject to target BLER, which is variable even if QoS parameters are static.
Observation 7: With the current CQI reporting methods gNB does not know the necessary channel quality statistics, hence it cannot make efficient MCS decisions in URLLC use cases. This is especially true when TBS and target BLER are different from the assumptions used in UE’s CQI report, which is nearly always the case.
Proposal 3: Study the requirements of reporting a variable or variables which indicates to gNB the type of SINR distribution that the UE experiences. Finding a convenient (for UE) & efficient reporting variable for this purpose is FFS. 
Observation 8: HARQ-ACK/NACK based OLLA is not a feasible solution in URLLC use cases which have very low target BLER.
Proposal 4: In order to enable proper OLLA operation with very low BLER targets, UE shall report the estimated TB error probability (EP) to gNB in addition to the HARQ-ACK feedback. 

Appendix A – System Level evaluation assumptions

Table 1: System Level evaluation assumptions for Worst-M CQI performance evaluation (Section 2)
	Parameter
	Value

	Network layout
	3GPP Urban Macro (UMa) with 21 cells and 500 m inter-site distance

	Carrier bandwidth
	20 MHz @4 GHz; FDD duplexing

	Total transmit power
	49 dBm

	BS Antenna configuration 
	4 Tx antenna ports; (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2); 
dH = 0.5λ, dV = 0.8λ; 

	BS antenna height
	25 m

	BS antenna gain
	8 dBi

	UE antenna configuration 
	4 Rx antenna ports; (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

	UE antenna height 
	1.5m

	UE antenna gain 
	0dBi

	UE receiver noise figure 
	9 dB 

	UE Receiver
	MMSE-IRC; Single-stream transmission

	Physical layer configuration
	30 kHz subcarrier spacing. 4 OS mini-slot (143 µs). 

	Link adaptation
	Dynamic link adaptation for both control and data channels. No outer-loop link adaptation.

	CSI
	CQI and PMI, reported every 2 ms; 4 ms processing delay. Sub-band size of 4 PRBs

	UE deployment
	100% outdoor randomly and uniformly distributed over the area; 3 km/h semi-static mobility

	Traffic model
	10 URLLC UEs per cell; FTP model 3 traffic with 50 Byte payload and variable inter-arrival time.

	TB Tx/Rx Processing times:
	According to UE Capability #2 [R1-1808449]

	Other assumptions:
	No discarding of packets or UEs.




Table 2: System Level performance evaluation assumptions for SINR-distribution based link adaptation (Section 3 and 4).
	Parameter
	Value

	Network layout
	3GPP Indoor Factory (InF, ref TS38.901) 
· factory space 120m x 60x x 10m     ( X x Y x Z )
· with 12 cells and 20m inter-site distance, x=10-110m, y={ 15, 35 }m
· clutter height 2 m or 10 m
· clutter density: low or high

	Carrier bandwidth
	40 MHz @4 GHz; FDD duplexing

	Total transmit power
	27 dBm

	BS Antenna configuration 
	2 Tx antenna ports; omni antennas

	BS antenna height
	2 m or 10 m 

	BS antenna gain
	5 dBi

	UE antenna configuration 
	2 Rx antenna ports; omni antennas

	UE antenna height 
	1.5m

	UE antenna gain 
	0dBi

	UE receiver noise figure 
	9 dB 

	UE Receiver
	MRC; Single-stream transmission

	Physical layer configuration
	30 kHz subcarrier spacing. 4 OS mini-slot (143 µs). 

	Link adaptation
	Dynamic link adaptation for both control and data channels. 
Optional outer-loop link adaptation.

	CSI
	Post-combined SINR mean and standard deviation. CQI and PMI, reported every 5 ms; 2 ms processing delay.

	UE deployment
	100% indoor randomly and uniformly distributed over the area; 3 km/h semi-static mobility

	Traffic model
	10 URLLC UEs per cell; FTP model 3 traffic with 32 Byte payload and variable inter-arrival time.

	Other assumptions:
	No discarding of packets or UEs.




Appendix B – Post-combined SINR
When UE performs CQI estimation based on CSI measurements according to Rel 15/16 specifications, that must be based on some link quality metric (LQM), which takes into account the entire tx-rx-chain, the existing channel conditions and the target BLER.  
One possible approach is presented in [8], where wideband CQI calculation is done using the following procedure:
1) UE measures the serving channel using NZP CSI-RS,
2) UE measures interference on CSI-IM or NZP CSI-RS,
3) UE determines interference+noise covariance matrix based on the previous step,
4) UE estimates post-detection SINR per RE,
5) SINR is mapped to MMIB (Mean Mutual Information per Bit),
6) MMIB is mapped to proper MCS, and corresponding CQI feedback is sent to gNB.
The above procedure must take into account assumptions (suggestions) about RI and PMI which need to be communicated to gNB. Additionally, the procedure must take into account receiver architecture –related assumptions which gNB does not need to know (# of rx antennas, MRC or MMSE-IRC etc).
UEs are already capable of performing steps (1-2) from the above procedure. In order to obtain post-combined SINR distribution for the feedback suggested in section 3 could implement steps (3) and (4).  If desired, also the block error probability estimation (discussed in section 4) could then be realized by implementing additionally step (5) and mapping from MMIB to error probability.
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