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Introduction
In the last RAN1#105-e meeting, no technical progress was made in this agenda. In RAN#92-e, an agreement was made to streamline the progress of CSI enhancements agenda as follows:
	· Revised Recommendation1: Provide the following RAN guidance on CSI feedback enhancement [RAN1]
· Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details are up to further working group discussions.
	RP-211297
Proposal: RAN confirms the following as a guidance to RAN1 for CSI enhancement in Enhanced URLLC/IIoT WI:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing the number of bits used for the reported subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is the largest MCS index such that the estimated BLER for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.





In this contribution, additional discussion on CSI feedback enhancements is provided. Our views on other URLLC-related aspect could be found in [3]-[6].
[bookmark: _Ref61877166][bookmark: _Ref31644251]Performance Comparison for Scenario 2
In this section, we analyse high-level classification of techniques by system-level evaluation motivated by the agreed assumptions.
In this meeting, we continue focusing on the Scenario 2 for evaluation, which is the Indoor Factory scenario. Note, that Scenario 1 (Rel-15 enabled use case UMa), and Scenario 3 (eMBB-URLLC mix) could be found in our previous tdocs [1] and [2] respectively.
The Scenario 2 (Indoor Factory) was chosen due to tight latency constraints, which in FR1 do not allow to perform HARQ retransmissions, thus the accuracy of the CSI for the initial transmission becomes very important. It could also be observed that due to possibility of HARQ retransmissions in Scenario 1, there is no noticeable performance difference among CSI schemes since HARQ retransmission restores any inaccuracies very efficiently.

Observation 1
· Scenarios with single-shot PDSCH transmission are expected to show more noticeable impact from application of different CSI enhancement schemes

The following evaluation cases are considered:
· Baseline / R16. SP-CSI with 5 slots period.
· Enhanced SB/WB CSI. This evaluation case represents the proposal of enhanced signalling for SB CQI which is currently only possible by 2-bit offset from the WB CQI. The modelled enhancement simply removes the signalling restriction allowing full SB CQI reporting.
· Delta MCS/CQI reporting. In this evaluation case, it is assumed that together with ACK or NACK, the MCS that would hit the BLER target (1e-5 in our simulation) in the condition of the effective SINR during PDSCH demodulation is reported to gNB. Then, this MCS is used to adjust OLLA same way as it is done for EP OLLA in [7]. Since there is no time for retransmission, the approach of using this MCS directly for retransmission is not modelled.
The above schemes are evaluated under the assumption that the interference measurement resources are configured to capture full interference from neighbouring cells, i.e. reflecting full loading.
Other assumptions are summarized in Table 1 of the appendix section.
In Figure 1, the baseline CSI is compared to other schemes with single-shot scheduling targeting 1e-5 BLER. Error! Reference source not found. captures the resource utilization percentage for the modelled schemes.
 [image: ]
[bookmark: _Ref47740803]Figure 1. CDF of packet error rate per UE for IMR configuration 1 (left) and configuration 2 (right).

Observation 2
· In Scenario 2 (Indoor Factory), at target 1e-5 packet error rate, the considered CSI enhancement schemes, i.e., enhanced SB CQI reporting and delta MCS reporting, do not outperform the baseline

Discussion on enhanced SB CQI reporting
From section 2, which includes performance comparison, it follows that Case 2 delta MCS reporting does not provide any gains, and thus this is not further discussed since requires substantial specification changes with no certainty about the performance.
As for the enhanced sub-band CQI reporting, although it also does not show any performance gains in our evaluation, we consider that some further enhancements are needed to sub-band (SB) CQI signalling and we continue discussion on this scheme in this section.
The main motivation for introducing 3/4-bit sub-band CQI signalling is argued to be a more accurate knowledge of channel/interference distribution in sub-bands. However, the main reason of inaccuracies in link adaptation in our understanding is that the tails of the SINR distribution, i.e., very low or very high SINR, are poorly represented by the signaling limited to legacy CQI tables (see Figure 2), which is not directly addressed by adding levels for differential SB CQI reporting.



[bookmark: _Ref79079257]Figure 2. Illustration of effective SINR range distribution covered by a CQI table

To include more information about SINR distribution reusing CQI signaling framework, the differential SB CQI may be updated to signal somehow “very low SINR” or “very high SINR”, and in general to signal a larger effective SINR range. One example issue is the interpretation of CQI = 0 (out of range) which does not give any estimate about what is the potential SINR observed for this reported CQI. Thus, the following additional enhancements on top of 3/4-bit SB CQI signaling are necessary:
· Out of range CQI enhancement by associating an estimated effective SINR/SE with its value.
· Extended range of lower/higher CQI values. When a resulting WB_CQI + SB_CQI_offset exceeds legacy range of 1…15 CQI, the values outside of the legacy value range may be interpreted as a SINR or SE offset to the lowest or the highest CQI value entry from the associated table. By doing this, a more accurate SINR distribution may be composed by gNB and may be used for the techniques such as statistical CSI or worst CSI approaches at gNB side with much better accuracy and results.
· Alternatively, or additionally, the extended SINR range may be achieved by a dynamic usage of multiple CQI tables, e.g. low SE 64 QAM + 256 QAM, which cover larger SINR/SE range than just a single table. In this case, some mechanisms to associate the two tables with the same report may be needed for keeping CSI computation time at the same level. The table for reporting may be selected by the UE based on SINR range and signaled together with CQIs. Also, the hard linkage between a BLER target and a CQI table needs to be removed in this case.

Observation 3
· To make 3/4-bit SB CQI signalling beneficial for URLLC/IIOT scenarios, the legacy effective SINR range supported by CQI tables needs to be extended to even lower and even higher values.

Proposal 1
· If 3/4-bit sub-band CQI signalling is pursued by RAN1 to enhance MCS selection accuracy, support mechanisms of extending the effective SINR range provided by legacy CQI tables to further lower and further higher values
· FFS details

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
· Scenarios with single-shot PDSCH transmission are expected to show more noticeable impact from application of different CSI enhancement schemes

Observation 2
· In Scenario 2 (Indoor Factory), at target 1e-5 packet error rate, the considered CSI enhancement schemes, i.e., enhanced SB CQI reporting and delta MCS reporting, do not outperform the baseline

Observation 3
· To make 3/4-bit SB CQI signalling beneficial for URLLC/IIOT scenarios, the legacy effective SINR range supported by CQI tables needs to be extended to even lower and even higher values.

Proposal 1
· If 3/4-bit sub-band CQI signalling is pursued by RAN1 to enhance MCS selection accuracy, support mechanisms of extending the effective SINR range provided by legacy CQI tables to further lower and further higher values
· FFS details
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Appendix – Evaluation Assumptions
[bookmark: _Ref54387418]Table 1. Detailed assumptions based on scenario 2 agreed in RAN1#102-e
	Parameters
	Value

	Layout
	120 x 60 m indoor factory
18 BS

	Inter-BS distance
	20 m

	Carrier frequency
	4 GHz

	Channel model 
	InF-DH in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	Table A.2.2-1 in TR38.824

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Table A.2.2-1 in TR38.824

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	Number of UEs per cell
	240 URLLC UEs per factory

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	UE distribution
	100% of users are indoors 
75 km/h for modeling fading channel 

	TDD configuration
	7 symbols DL: 7 symbols UL repeated

	Traffic model
	URLLC: 32 byte, 1 ms latency, 2 ms periodicity

	Resource allocation
	2 PRB granularity

	PDCCH
	1 symbol overhead

	DMRS
	1 symbol overhead

	CSI reporting
	Regular delay 5 slots

	Transmission scheme
	Rank 1 restriction
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