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1. Introduction
Following objectives are described for CSI feedback enhancements for Rel-17 URLLC in [1].
	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  



At the RAN#92-e meeting, the following conclusion was achieved to facilitate the discussion [2]:
	During the GTW session the following recommendations with further revisions were endorsed.
· 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 (e.g. how to calculate delta-MCS) are up to further working group discussions.
· Revised Recommendation2: Provide the following RAN guidance on HARQ-ACK enhancement [RAN1]
· No further discussions on SPS HARQ-ACK skipping and size reductionbundling/compression.



The referred proposal in RP-21197 in the above conclusion is as follows [3]:
	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, we share our views on increasing granularity of subband CQI reporting and delta-MCS reporting on enhancements for Rel-17 CSI feedback enhancements for URLLC.

2. Discussions
2.1. Increasing the number of bits used for the reported subband CQI (3-bits differential subband CQI or 4-bits CQI)
Differential CQI values are reported per subband instead of actual CQI values for subband CQI. It is beneficial as less UCI payload size is required for subband CQI reporting compared to reporting of actual CQI values. However, it makes the subband information less reliable since some CQI offset values are filtered as the nearest available values due to the limited bit size of subband CQI table. For example, Table 1 shows the differential subband CQI table [4] and larger values than 2 will be filtered as 2. Therefore, increasing the number of bits used for the subband CQI would be beneficial for better reliability. However, it should be carefully justified whether increased granularity of subband CQI is supported or not as the reporting overhead will be increased and the actual gain may be marginal.

[bookmark: _Ref47480075][bookmark: _Ref47479950]Table 1: Differential subband CQI table.
	Subband differential CQI value
	CQI offset level

	0
	0

	1
	1

	2
	2

	3
	-1





Observation 1:
· The usefulness of the increased granularity of subband CQI should be carefully justified

If the increased granularity of subband CQI is supported, the followings need to be discussed: 1) bit size of subband CQI table, i.e. whether 3 bits or 4 bits, and 2) table format of subband CQI.
For the first one, the bit size of the subband CQI may need to be increased to 4 bits according to the companies’ analysis available in the RAN1#105-e meeting. However, it would be better to justify the increased number of bits with more results since there are few evaluation results available.

Proposal 1:
· If the increased granularity of subband CQI is supported, 4 bits may be appropriate for the number of increased bit size of subband CQI table.

Regarding the CQI table format of the new subband CQI, different format can be considered for 3 bits subband CQI and 4 bits subband CQI. For 3 bits subband CQI, additional CQI offset values can be introduced based on the conventional 2 bits differential subband CQI table. Table 1 shows the example of 3 bits subband CQI table.

[bookmark: _Ref47480881]Table 2: an example of 3 bits differential CQI table
	Subband differential CQI value
	CQI offset level

	0
	0

	1
	1

	2
	2

	3
	3

	4
	-1

	5
	-2

	6
	-3

	7
	 -4



On the other hand, the same table format as wideband CQI can be applied for 4 bits subband CQI table. In this way, the actual CQI value can be reported for subband CQI by UE. It also needs to be clarified whether or not the same CQI table configured for wideband CQI is used for subband CQI. It is straightforward to use the same CQI table, configured for wideband CQI, for subband CQI considering with the reasons below; 1) there is no different requirement between wideband CQI and subband CQI, 2) additional RRC overhead is required if separate CQI tables are configured for wideband and subband CQI respectively.

Proposal 2:
· Same CQI table configured for wideband CQI is used for 4 bits subband CQI if supported.

2.2. Reporting of delta-MCS
Delta-MCS reporting would bring better reliability because of improved link adaptation by letting UE to report suggested update in MCS. Followings need to be discussed for the delta-MCS reporting: 1) Target BLER configuration, 2) support of initial transmission or retransmission, 3) PUCCH resource for reporting.
Regarding the first one, UE should know target BLER in order to judge whether delta-MCS reporting is needed or not. From difference between estimated BLER and target BLER, UE can decide appropriate delta-MCS value to report. The target BLER may be configurable semi-statically for flexible configuration as gNB may want to configure different values depending on scenarios.

Proposal 3:
· Target BLER is needed for more appropriate delta-MCS reporting. The target BLER can be semi-statically configured by gNB.

For the second one, there is no agreement whether delta-MCS is reported for NACK only or both ACK and NACK. In case of NACK, delta-MCS is more useful compared to the traditional outer-loop link adaptation based on HARQ-ACK since gNB can schedule retransmission with appropriate transmission parameter, i.e. MCS, by delta-MCS reporting information. However, it should be noted that probability of NACK may be low in URLLC scenarios and thus delta-MCS should be also reported for ACK cases especially for the case where the latency budget is very stringent and retransmissions are not allowed for the latency budget.

Proposal 4:
· Delta-MCS should be reported for both initial transmission and retransmission.

Thirdly, PUCCH resource for delta-MCS reporting needs to be considered. It would be possible to transmit it with HARQ-ACK codebook or on CSI resource. In case of transmission with HARQ-ACK codebook, Type 2 HARQ-ACK codebook may be realistic considering the payload size. Assuming that delta-MCS is transmitted per HARQ-ACK, Type 1 HARQ-ACK codebook size will be doubled with unnecessary overhead if there are no actual PDSCH receptions in some occasions. Therefore, if delta-MCS is reported with HARQ-ACK codebook, it may be not appropriate to use Type 1 HARQ-ACK codebook. On the other hand, if delta-MCS is reported on CSI resource, A-CSI should be suitable because the periodicity of delta-MCS reporting may be aperiodic. In this context, discussions in the next section should be studied and the proposals there can be applied.

Proposal 5:
· Delta-MCS can be reported with HARQ-ACK codebook or on A-CSI PUCCH resource
· For delta-MCS reporting with HARQ-ACK codebook, it should be reported with Type 2 HARQ-ACK codebook.

1. 
2. 
2.1. 
2.3. Other enhancements: A-CSI on PUCCH
Currently periodic CSI (P-CSI), semi-persistent CSI (SP-CSI), and aperiodic CSI (A-CSI) are supported in Rel-15 and Rel-16 as the CSI feedback mechanism to report channel-quality indicator used for MCS selection as well as rank indicator, precoder-matrix indicator, etc. P-CSI is reported on PUCCH by configuring PUCCH resource and transmission periodicity. SP-CSI is reported on PUCCH or PUSCH by configuring PUCCH resource and triggering by MAC CE or UL grant DCI, respectively. A-CSI is transmitted on PUSCH triggered by UL grant DCI. Considering that URLLC traffic is sporadic and low latency is required, A-CSI is reasonable among the CSI reporting types. For example, if CSI reporting needs to rely on P-CSI or SP-CSI, the reporting periodicity should be configured short to meet the low latency requirement, which leads to large uplink overhead and UE power consumption. Or, if the reporting periodicity is configured long, gNB makes scheduling conservative as there is few CSI reporting. Less CSI reporting would be contradict to demand as CSI for DL transmission is more often required for DL heavy scenarios. Based on A-CSI on PUCCH especially on short PUCCH transmission, fast CQI acquisition can be achieved. Therefore, this contribution discusses A-CSI on PUCCH as a CSI feedback enhancement for Rel-17 URLLC.

2.2. 
2.3. 
A-CSI on PUCCH triggering mechanism and PUCCH resource
As described above, A-CSI on PUCCH is a candidate for CSI feedback enhancement in Rel-17 URLLC. First we discuss how to trigger A-CSI on PUCCH especially taking the following points into account:
i) Whether DL grant or UL grant is used for triggering?
· What field is used to trigger A-CSI on PUCCH
· Can data be scheduled by the DL grant or UL grant together with triggering A-CSI on PUCCH?
ii) What field(s) is used for triggering?
Currently A-CSI is triggered by UL grant such as DCI format 0_1/0_2. It would be difficult to trigger and report A-CSI timely in DL heavy scenarios. Also, if UL grant scheduling a PUSCH transmission triggers A-CSI on PUCCH in a self-contained slot, simultaneous PUCCH and PUSCH transmission with FDMed manner will be required. This is not supported in Rel-15 and Rel-16. In order to address the issues and enhance the scheduling flexibility, A-CSI on PUCCH triggered by DL grant would be beneficial. Regarding whether DCI can schedule data together with A-CSI on PUCCH, we think it is beneficial that one DL grant DCI can schedule PDSCH and indicate corresponding HARQ-ACK timing together with triggering A-CSI. It reduces UE blind decoding overhead compared to the case where UE needs to receive multiple DL grants to schedule PDSCH and to trigger A-CSI separately. In addition, it would reduce latency of A-CSI on PUCCH transmission since UE has more triggering occasion of A-CSI on PUCCH. It is considered to introduce a new field, e.g. CSI request field, for A-CSI on PUCCH in DL grant including 1_1/1_2 to trigger the A-CSI.
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Fig.1 example of A-CSI on PUCCH triggered by DL grant with DL-SCH.

Proposal 6:
· Support A-CSI on PUCCH triggered by DL grant including DCI format 1_1 and 1_2.
· A new field, e.g. CSI request field, is introduced to trigger A-CSI on PUCCH
· The DL grant can schedule PDSCH and indicate corresponding HARQ-ACK timing together with A-CSI on PUCCH triggering

About PUCCH resource for A-CSI on PUCCH, the existing PUCCH resource indication can be baseline and thus the following four options can be considered:
· Opt.1: An A-CSI PUCCH resource is dynamically indicated by DCI (A-CSI on PUSCH concept)
· Opt.2: An A-CSI PUCCH resource is configured by RRC (P-/SP-CSI on PUCCH concept) 
· Opt.3: Multiple A-CSI PUCCH resources are configured by RRC and indicated which to use by DCI (HARQ-ACK concept)
· Opt.4: Multiple joint A-CSI PUCCH resource with HARQ-ACK is configured by RRC and indicated which to use by DCI (new concept)
Opt.1 has no compatibility with triggering A-CSI by DL grant with PDSCH as TDRA and FDRA are used for scheduling PDSCH. Opt.2 has less scheduling flexibility as the resource cannot be dynamically changed, which does not match with the characteristic of A-CSI. Opt.3 has enough flexible PUCCH resources and gNB can dynamically indicate which PUCCH resource to be used for UE depending on scheduling condition. On the other hand, it requires additional bit(s) for DCI and would result in less reliability due to higher coding rate. Opt.4 has the same merit as Opt.3 and additional bits are not necessary. However, scheduling flexibility is less than Opt.3 if HARQ-ACK timing is prioritized in the scheduling since the transmission timing of A-CSI PUCCH needs to compromise at the HARQ-ACK timing. If A-CSI timing is prioritized in the scheduling, re-transmission latency would increase since the transmission timing of HARQ-ACK needs to compromise at the A-CSI timing then. In short, there is trade-off between A-CSI and HARQ-ACK timing in Opt.4. Based on the above analysis, we prefer Opt.3 as the first preference and Opt.4 as the second preference.

Proposal 7:
· PUCCH resources for A-CSI on PUCCH are configured by RRC and which PUCCH resource to use is dynamically indicated by DCI.
· Separate and/or joint PUCCH resource configuration and indication of HARQ-ACK can be considered.

Intra-UE multiplexing/prioritization of A-CSI on PUCCH and other UL channels
In Rel-16, intra-UE UL multiplexing/prioritization with different priorities was introduced in order to improve the URLLC traffic performance. With the Rel-16 intra-UE UL multiplexing/prioritization, UE drops low priority UL channel/signal and transmits high priority UL channel/signal in case they are overlapping in time domain, i.e. at least one symbol overlapping. In case A-CSI on PUCCH is adopted in Rel-17, the priority determination of A-CSI on PUCCH needs to be discussed. Here the priority determination includes 1) priorities for the intra-UE multiplexing/prioritization described in clause 9 in 38.213 [5], and 2) priorities for overlapping CSIs in time domain described in clause 5.2.5 in 38.214.
1) Priorities for the intra-UE multiplexing/prioritization described in clause 9 in 38.213
First how to determine the priority of A-CSI on PUCCH needs to be discussed. The following options can be considered:
· Opt.1: fixed priority; always high or low
· Opt.2: dynamic indication by DCI 
· Alt.1: Same priority indicator field for HARQ-ACK is used.
· Alt.2: Separate priority indicator field from HARQ-ACK is used.
· Opt.3: semi-static configuration by RRC 
· Alt.1: Priority is configured in CSI-AperiodicTriggerState
· Alt.2: Priority is configured in CSI-ReportConfig
Assuming that appropriate priority of A-CSI on PUCCH would change depending on scheduling condition, dynamic indication might be suitable. For example, if gNB really wants to trigger A-CSI on PUCCH in DL heavy scenarios to select accurate MCS for the upcoming DL transmission, the priority should be high. On the other hand, if there is other UCIs to be prioritized with limited PUCCH resource capacity, the priority of A-CSI on PUCCH could be low. Second, based on the priority determination, UE behavior on multiplexing/prioritization of A-CSI on PUCCH and other UL channels should be discussed including the intra-UE UL multiplexing/prioritization with different priorities to be discussed in another URLLC agenda for Rel-17.
2) Priorities for overlapping CSIs in time domain described in clause 5.2.5 in 38.214
In case different triggering types of CSIs are overlapping in at least one symbol and transmitted on the same carrier, CSI report with lower priority is not transmitted. The priority level is the order of A-CSI on PUSCH > SP-CSI on PUSCH > SP-CSI > P-CSI. Assuming that A-CSI on PUCCH is also dynamically triggered by DCI, its priority should be higher than SP-CSI and P-CSI.

Proposal 8:
· Support priority handling of A-CSI on PUCCH for the following UE behavior:
· Intra-UE UL multiplexing/prioritization including Rel-17 multiplexing with different priorities
· Priority level can be dynamically indicated by DCI
· Overlapping CSIs in time domain in clause 5.2.5 in TS 38.214
· Priority level is higher than SP-/P-CSI.

A-CSI on PUCCH multiplexing on PUSCH repetition Type B
If A-CSI on PUCCH is supported, it would collide with PUSCH repetition Type B. In such a case, collision handling needs to be treated properly. It can be baseline that the following Rel-16 multiplexing behavior and timeline for PUCCH multiplexed on PUSCH repetition Type B and A-CSI on PUSCH multiplexed on PUSCH repetition Type B:
· In case PUCCH overlaps with multiple repetitions of PUSCH repetition Type B that satisfy the multiplexing timeline conditions, UCI is multiplexed on only the first actual repetition. 
· The multiplexing timeline condition is the one defined in clause 9.2.5 of TS38.213. 
· A-CSI on PUSCH is transmitted on the first actual repetition if it is triggered by DCI on PUSCH repetition Type B.
[image: ]
Fig. 2 Multiplexing behavior of PUCCH vs. PUSCH repetition Type B.

Based on the above behavior, A-CSI on PUCCH should be multiplexed on the first actual PUSCH repetition that satisfies the multiplexing timeline condition in clause 9.2.5 of TS 38.213. Note that it would be useless to repeatedly transmit A-CSI on PUCCH on PUSCH repetitions over one or more slots in DL heavy scenarios because there are few UL symbols and other UL channels also needs to be transmitted on the few symbols. Besides, A-CSI will be outdated as time goes by.

Proposal 9:
· Support A-CSI on PUCCH multiplexed on PUSCH repetition Type B
· A-CSI on PUCCH is multiplexed on the first actual PUSCH repetition that meets the multiplexing timeline.

3. Conclusion
In this contribution, we have the following observation and proposals for CSI feedback enhancements.
Observation 1:
· The usefulness of the increased granularity of subband CQI should be carefully justified
Proposal 1:
· If the increased granularity of subband CQI is supported, 4 bits may be appropriate for the number of increased bit size of subband CQI table.
Proposal 2:
· Same CQI table configured for wideband CQI is used for 4 bits subband CQI if supported.
Proposal 3:
· Target BLER is needed for more appropriate delta-MCS reporting. The target BLER can be semi-statically configured by gNB.
Proposal 4:
· Delta-MCS should be reported for both initial transmission and retransmission.
Proposal 5:
· Delta-MCS can be reported with HARQ-ACK codebook or on CSI resource
· For delta-MCS reporting with HARQ-ACK codebook, it should be reported with Type 2 HARQ-ACK codebook.
Proposal 6:
· Support A-CSI on PUCCH triggered by DL grant including DCI format 1_1 and 1_2.
· A new field, e.g. CSI request field, is introduced to trigger A-CSI on PUCCH
· The DL grant can schedule PDSCH and indicate corresponding HARQ-ACK timing together with A-CSI on PUCCH triggering 
Proposal 7:
· PUCCH resources for A-CSI on PUCCH are configured by RRC and which PUCCH resource to use is dynamically indicated by DCI.
· Separate and/or joint PUCCH resource configuration and indication of HARQ-ACK can be considered.
Proposal 8:
· Support priority handling of A-CSI on PUCCH for the following UE behavior:
· Intra-UE UL multiplexing/prioritization including Rel-17 multiplexing with different priorities
· Priority level can be dynamically indicated by DCI
· Overlapping CSIs in time domain in clause 5.2.5 in TS 38.214
· Priority level is higher than SP-/P-CSI.
Proposal 9:
· Support A-CSI on PUCCH multiplexed on PUSCH repetition Type B
· A-CSI on PUCCH is multiplexed on the first actual PUSCH repetition that meets the multiplexing timeline.
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