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Introduction
A new Rel.17 work item on URLLC/IIoT enhancements was approved in [1]. One of the potential enhancements to Rel.16 operation is physical layer feedback enhancement including CSI feedback enhancement:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
a. UE feedback enhancements for HARQ-ACK [RAN1]
b. 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, initial discussion on CSI feedback enhancements is provided. In particular, in section 2 evaluation of the MCS setting limiting factors is presented, section 3.1 presents views on A-CSI on PUCCH, section 3.2 discusses enhanced CSI feedback measurements, and section 3.3 highlights multiplexing enhancements.
[bookmark: _Ref47274760][bookmark: _Ref31644251]Channel vs Interference Prediction Accuracy
It is worthwhile to check the sources of inaccuracy in MCS selection in typical URLLC scenarios. For the analysis, a factory automation scenario is taken with key assumptions listed in Appendix.
The analysis is performed by the following methodology:
1) A CSI information is measured with a given periodicity. One slot CSI delay is taken to see the upper bound.
2) The CSI information is converted to effective SINR and then to the MCS of a PDSCH transmission scheduled at gNB for a given target BLER (1e-5)
3) During the reception of the PDSCH at the UE, the effective SINR observed in the moment of reception is also converted to an “ideal” MCS for a given target BLER (1e-5)
4) The scheduled MCS is compared to the “ideal” MCS
Furthermore, the following cases were compared:
· Full-buffer traffic. The interference in this case is more stable since in every moment every TRP is transmitting, although may beamform to different users.
· TSN/bursty traffic. The interference in this case may be very unstable/bursty. In particular, the TSN traffic may be usually characterized by short single-shot transmissions, thus making the interference uncorrelated in time if no coordination or persistency exist.
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[bookmark: _Ref47740803]Figure 1. MCS error distribution for full-buffer interference and bursty interference

As it can be seen in Figure 1, although the fastest CSI measurement is modelled, due to bursty interference assumption the MCS mismatch has long tails, where the negative tail is considered very dangerous for URLLC scenarios since is expected to lead to the same level of reception errors.

Observation 1
· In non-full buffer traffic scenarios with bursty interference (low interference correlation in time), the MCS accuracy setting is limited by interference prediction accuracy
· The interference prediction accuracy in bursty interference scenarios could not be compensated by faster CSI report

Given the above observation, it is natural to look more into the enhancements allowing for more accurate interference prediction rather than faster CSI reporting. It should be noted, that multi-TRP schemes with coordination can already handle the interference prediction accuracy to a good extent. However, in our understanding Rel.17 URLLC/IIoT should not base the design and analysis assuming multi-TRP deployments since there is a separate parallel work on MIMO enhancements in Rel.17 which usually takes care of such scenarios.

Observation 2
· Rel.17 URLLC/IIoT work on CSI enhancement should prioritize analysis and design of more accurate and/or more conservative interference prediction rather than faster CSI reporting

Discussion on Potential Enhancements
In this section, the potential enhancements for Rel.17 URLLC/IIoT work on CSI for better MCS selection are presented. Some of the enhancements are leftovers from Rel.16 discussions, and some are newly identified.
[bookmark: _Ref47736638]Faster and/or more efficient CSI report delivery
A-CSI on PUCCH
In Rel.16, the most attention for enhancing CSI was brought by aperiodic CSI reporting on PUCCH triggered by DL scheduling DCI or by a group-common DCI. As a background, current procedure for CSI reporting can be outlined as follows:
· Periodic CSI on PUCCH/PUSCH
· The main purpose is to maintain the necessary channel quality information for connection support. In that sense, the functionality supported by periodic CSI is a subset of that offered by aperiodic CSI, e.g. WB only, limited number of ports, Type 1 codebook only, etc. The limited functionality also produces less signalling overhead that could fit to relatively small payload of PUCCH formats.
· Aperiodic CSI on PUSCH
· The main purpose is to obtain channel quality for data scheduling with high accuracy and spectrum efficiency. It supports both SB and WB, much larger number of ports than in the periodic case, Type 2 codebook, etc. The resulting payload could not fit well to a PUCCH format thus is transmitted on PUSCH similar to UCI piggybacking.
· Semi-persistent CSI reporting on PUCCH or PUSCH
· It is something hybrid between pure periodic and aperiodic CSI reporting since supports faster activation of the report, supports both PUCCH and PUSCH, supports SB and WB reporting etc.

Although the A-CSI on PUCCH was discussed in Rel.16, its justification remains uncertain. There are a few advantages argued around A-CSI on PUCCH:
· Could be triggered by a DL assignment, thus avoiding UL grant overhead. However, in this case the DL assignment needs new fields which increase the DCI size and therefore degrade the link budget. Overall gains from such overhead savings may be hard to estimate since the UL grant may schedule data in many cases thus no real wastage of resources may be observed.
· Depending on A-CSI reported quantities / granularities, could be made faster than the A-CSI on PUSCH. Overall the issue of faster CSI reporting needs a separate discussion and careful considerations since it is quite a sensitive topic from UE implementation point of view.
· The CSI could be used for advanced retransmission of the data scheduled by this DCI, e.g. by reporting the actual channel and interference situation on the failed PDSCH. This kind of scheme may not bring noticeable benefits, since the initial transmission itself should be quite reliable, thus the gains from more accurate retransmissions may only be observed on a very small subset of cases when the initial transmission fails. Besides that, as it is analysed in section 2, the bursty interference assumption may diminish the accuracy of the CSI report itself.
Among the disadvantages, the following was identified:
· Uncertain gains at expense of non-negligible specification efforts. The strongest argument would be that the performance is considered not limited by channel variation estimation accuracy, rather by interference estimation accuracy. The bursty interference estimation accuracy in general is not improved with faster CSI.

Anyway, if A-CSI on PUCCH is deemed an important enhancement, it should be further considered whether to introduce a group common DCI, similar to 2_x family, to trigger such reports. It is expected that usage of GC-DCI may provide substantial control overhead reduction in a situation with many active UEs, and worth a consideration:

Proposal 1
· RAN1 to consider A-CSI on PUCCH triggered by a Group Common DCI as an enhancement to CSI framework
· FFS details (monitoring configuration, RNTI, contents, timeline, etc)

[bookmark: _Ref31644284]Enhanced CSI feedback timeline
The tightened CSI feedback timeline is another potential source of achieving faster CSI reporting. Currently, there is quite a comprehensive model of CSI computation timeline which may already cover most of the cases. Furthermore, there is a special case of simple CSI report which consumes the least time so that the report could be performed in the same slot or the next slot:
	µ
	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


Further reduction of the timeline may be only possible with the further optimization of CSI report contents and measurements. One of such potentially low-complexity modes is DMRS-based estimation. It should be noted, that the DMRS-based estimation is explicitly out of scope of the WI and should not be used.
Another potential for improving the timeline is allowing to report CQI for different CQI tables (and therefore BLER targets) as part of one CSI report config. I.e. this could be viewed as merging two similar reports into one and saving the CSI processing units thus improving the latency numbers.
[bookmark: _Ref31644310]
Observation 3
· There may be no room for further CSI computation time reduction without optimization of CSI report contents and/or measurements
· The computation time may be revised if new CSI reporting procedures impacting it are introduced

[bookmark: _Ref47736655]Enhanced CSI metrics
As it was shown in section 2, the main limiting factor for CSI accuracy is the interference change. Having this issue in mind, several aspects can be studied:
· Explicit interference averaging or filtering mechanism for a measurement.
· It is currently up to UE implementation whether to apply averaging over different CSI-RS / CM / IM for a given CSI report. It has been shown that filtering/averaging applied to the measurements can combat the interference uncertainties in the bursty traffic cases at the expense of overall spectrum efficiency degradation. The enhancement requires a separate indication of the activated filtering, filtering type, and number of slots / CSI resource occasions for estimation.
· UE trigger / filter-based reporting and prioritization.
· Overall the concept of trigger / filter-based reporting can be generalized in the way that a UE is given decision power to provide gNB with measurements which have largest impact on performance in the same time saving the CSI report payload by filtering the less important measurements. A simplest example is if a measurement of a periodic CSI is not changed in some margin, the report may not be multiplexed. Of course, the CSI report content should be modified to indicate which CSI reports are actually transmitted.
· Similar mechanism can be applied for CSI part 1 and CSI part 2, where the content of CSI part 2 may be referred by CSI part 1. The actual content of the CSI part 2 may be a function of measurements, e.g. measurements with large observed interference or least observed interference can be prioritized for multiplexing.

Proposal 2
· RAN1 to consider specifying mechanisms to activate averaging / filtering over a specified number of CSI-RS resources/slots for a given CSI report

Proposal 3
· RAN1 to consider specifying mechanisms of filtered CSI reporting wherein a sub-set of CSI information is sent based on a condition evaluated by the UE
· FFS conditions, thresholds
· FFS signaling details

[bookmark: _Ref47736689]CSI multiplexing & prioritization
In Rel.15 and Rel.16 specifications usually treat a P/SP-CSI on PUCCH with the least priority when it collides with other channels. However, this could be revised assuming the CSI report for URLLC traffic also has high importance, especially if it gets enhancements in Rel-17.
To resolve that, the P/SP-CSI first needs to be associated with a priority index, through semi-static configuration or activation signal. Second, the multiplexing & prioritization procedures need additional handling based on the indicated high or regular priority.

Proposal 4
· RAN1 to consider assigning a priority index to P/SP-CSI on PUCCH and handle collision & multiplexing scenarios based on the associated priority

Conclusion
In this contribution the CSI measurement and feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following observations and proposals have been made:

Observation 1
· In non-full buffer traffic scenarios with bursty interference (low interference correlation in time), the MCS accuracy setting is limited by interference prediction accuracy
· The interference prediction accuracy in bursty interference scenarios could not be compensated by faster CSI report

Observation 2
· Rel.17 URLLC/IIoT work on CSI enhancement should prioritize analysis and design of more accurate and/or more conservative interference prediction rather than faster CSI reporting

Observation 3
· There may be no room for further CSI computation time reduction without optimization of CSI report contents and/or measurements
· The computation time may be revised if new CSI reporting procedures impacting it are introduced

Proposal 1
· RAN1 to consider A-CSI on PUCCH triggered by a Group Common DCI as an enhancement to CSI framework
· FFS details (monitoring configuration, RNTI, contents, timeline, etc)

Proposal 2
· RAN1 to consider specifying mechanisms to activate averaging / filtering over a specified number of CSI-RS resources/slots for a given CSI report

Proposal 3
· RAN1 to consider specifying mechanisms of filtered CSI reporting wherein a sub-set of CSI information is sent based on a condition evaluated by the UE
· FFS conditions, thresholds
· FFS signaling details

Proposal 4
· RAN1 to consider assigning a priority index to P/SP-CSI on PUCCH and handle collision & multiplexing scenarios based on the associated priority
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Appendix – Evaluation Assumptions
	[bookmark: _GoBack]Parameters
	Value

	Layout
	150 m x 300 m
3 rows by 4 columns of evenly distributed BS

	Carrier frequency
	3.8 GHz

	Channel model 
	NR Indoor Factory, dense clutter, high BS (sub-scenario DH), TR 38.901

	Number of UEs per cell
	100 per deployment

	Numerology
	30 kHz, normal CP

	Simulation bandwidth 
	40 MHz (106 PRB)

	BS Tx power
	24 dBm

	BS antenna element gain + connector loss
	5 dBi

	BS antenna configurations
	4 Tx/4 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports; 
dH = dV = 0.5 λ

	BS antenna height
	8 m

	UE antenna configuration
	2 Tx/4 Rx antenna ports 
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	MIMO modes
	Single port transmission
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