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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the TSG-RAN#86 plenary meeting, the scope of the WID on enhanced Industrial Internet of Things (IoT) and URLLC support was defined [1]. This paper mainly focuses on the CSI feedback enhancements, including A-CSI triggered by DL DCI, faster A-CSI measurement and report, and enhanced interference measurement, to allow for more accurate MCS selection. 
[bookmark: _Ref129681832]A-CSI on PUCCH triggered by DL DCI
A traditional CSI feedback method is periodic/semi-persistent CSI (P/SP-CSI) feedback, in which the UE performs the channel/interference measurement and reports the computed CSI periodically. This method, originally designed for periodic traffic or eMBB service(s), does not apply well to traffic bursts with ultra-low latency and ultra-high reliability requirements. This is because the network must balance between the CSI periodicity, i.e. overhead, and its timeliness when applying it for data burst transmissions with limited retransmission opportunities. Different from the configured P/SP-CSI, aperiodic-CSI (A-CSI) can be triggered when the traffic arrives and hence is more suitable for the traffic bursts. 
Hence in Rel-15, enhancements for A-CSI feedback applied to URLLC have been studied, especially focusing on the feedback latency reduction and the feedback overhead reduction. As a result, low-latency CSI was agreed in Rel-15, see Table 5.4-1 in TS 38.214 [2]. Meanwhile, another mechanism, named as A-CSI on short PUCCH triggered by DL DCI, was proposed to reduce the DCI overhead triggering A-CSI report. However, this feature was not agreed in Rel-15 due to insufficient time for discussion. Then in Rel-16, enhanced CSI was also roughly discussed in Rel-16 eURLLC SI but not included in the WI [3]. Some main candidate solutions that were brought up in Rel-16 SI are copied below for further discussion [4].
	· Opt.1: A-CSI report on PUCCH triggered by DL-scheduling DCI.
·    For measurement source
· Alt.1: Based on CSI-RS/CSI-IM measurement 
· Alt.2: Based on DMRS/PDSCH/PDCCH measurement
·   For report quantity
· Alt.1: R15 baseline
· Alt.2: Delta CQI
· Alt.3: Delta SINR
·   For report timeline
· Alt.1: R15 timeline
· Alt.2: New timeline
· Opt.2: A-CSI report on PUCCH based on group-common PDCCH (similar to A-SRS triggering in GC-PDCCH in Rel-15) using Rel-15 mechanisms for measurement source, report quatity, and timeline (A-CSI triggered to transmit on PUSCH)



For the two options, one concern with triggering A-CSI for traffic bursts was that the initial transmission won’t benefit from it. However, this is a common concern valid for all A-CSI methods. And even if the obtained CSI cannot be used for the initial transmission, it can still be applied to the retransmission (assisting to adjust MCS), the repetition (assisting to adjust the power allocation) and to the transmission of the next PDSCH (for example when a large packet is split into several CWs carried on sequential PDSCHs, or to protect the new packet in the next PDSCH if survival time is permitted).
Observation 1: A-CSI feedback can be used for traffic bursts, and is beneficial to retransmission(s), repetition(s), and new PDSCH transmission(s) either from the initial packet with packet splitting is done in PHY or from a new packet within the survival time.
Comparing the CSI computation time with the delay for HARQ-ACK feedback, as shown in Table 1 and Table 2 below, the CSI delay is already smaller than the HARQ-ACK processing time in case of DL additional DMRS is configured. Even for DL front loaded DMRS, the extra delay caused by CSI compared to the HARQ-ACK is quite small (i.e. only 20%-30% of the PDSCH processing time.). For the latter case, the gNB can therefore simply indicate the HARQ-ACK timing a few symbols later than the minimum required PDSCH processing time capability 1 and then meet the CSI computation delay requirement. Therefore, the A-CSI can be triggered to be simultaneously transmitted with HARQ-ACK and can be used for PDSCH retransmission. Also, Opt. 1 can be further enhanced with conditional triggering by NACK only, wherein the triggered A-CSI by a DL DCI is only transmitted if the HARQ feedback is NACK. This conditional A-CSI transmission can further reduce the UCI overhead since the probability of an ACK for initial PDSCH transmissions is extremely larger than the probability of an NACK. 
[bookmark: _Ref47334564]Table 1 PDSCH processing time for PDSCH processing capability 1 [6]
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



[bookmark: _Ref47334582]Table 2 CSI computation delay requirement 1 [6]
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36



Observation 2: A-CSI feedback can be used for PDSCH retransmission scheduling considering the combination of the CSI computation delay requirement 1 and PDSCH processing capability 1.
[bookmark: _GoBack]Observation 3: A-CSI conditional triggering, wherein the triggered A-CSI by a DL DCI is only transmitted if the HARQ-ACK is NACK, can be further used to reduce UCI overhead and to increase the UCI reliability.
Opt. 2 aims to reduce the DCI overhead by using one group-common DCI to trigger multiple A-CSI feedback for multiple UEs. However, group-common DCI is not well applicable to traffic bursts, especially for low arriving rates, because then the packet arrival time varies greatly among different users. 
In contrast, Opt. 1 offers a simple and efficient alternative to overcome this problem by using the DL DCI instead. The DL-DCI that is scheduling the PDSCH can also be used to trigger the A-CSI for the same UE. A-CSI on short PUCCH triggered by DL DCI does not need an additional UL grant. Thus, compared to the legacy method for A-CSI, the control overhead is significantly reduced, which improves the system capacity [5]. Furthermore, the reliability of Opt 1 is higher than for Opt 2. This is because Opt1 only requires one DCI to be successfully decoded, whereas for Opt 2, two DCIs (one that is scheduling the PDSCH and one that is triggering A-CSI) are required to be received.  Opt2 also imposes a larger burden on the UE’s blind decoding capability, results general in larger latency due to alignment delays and has generally less scheduling flexibility.  
We are therefore making the following proposal:  
Proposal 1: Support A-CSI on PUCCH triggered by DL DCI.
If A-CSI on short PUCCH triggered by DL DCI is supported, then it should be considered how to indicate the uplink slot and the PUCCH resource for the corresponding A-CSI report. 
One option is to separately indicate the resource for the A-CSI report and for the HARQ-ACK feedback, as shown in the left part of Figure 1 below.  This approach can also decouple the CSI computation time and the PDSCH processing time to generate the HARQ-ACK. It could then depend on the UE capability if A-CSI and HARQ-ACK can be sent in the same PUCCH or in two different PUCCHs. Based on Observation 2, if the UE for example is configured with capability 1, the gNB can indicate the same PUCCH resource for the A-CSI report and for the HARQ-ACK. Otherwise, the gNB would indicate separate resources. This separate indication of the feedback is more flexible but it requires extra fields in the DCI. It would be necessary to include a field for the timing value and the PUCCH resource for the A-CSI report in addition to those fields that are already used for the HARQ-ACK transmission. 
Another option is to indicate joint A-CSI and HARQ-ACK feedback, as shown in the right part of Figure 1 below. That is, the A-CSI and HARQ-ACK are indicated in the same DCI field and are transmitted on the same PUCCH resource. This option in general is beneficial to retransmission, because HARQ-ACK and A-CSI are reported together. If it is NACK, we could utilize the CSI information in the retransmission. In this option, the potential ambiguity between HARQ-ACK and the A-CSI codebook due to a missed DCI should be carefully considered. 
[image: ]
[bookmark: _Ref30624032]Figure 1  HARQ-ACK feedback and A-CSI report triggered by one DCI

Proposal 2: For A-CSI on short PUCCH triggered by DL DCI, the following enhancements should be considered
· Feedback scheme (e.g. separate or joint reporting of A-CSI and HARQ-ACK);
· Timing indication and PUCCH resource allocation.
Enhanced CSI feedback mode
The report quantity accuracy is another issue that should be considered for URLLC. Note that the current low-latency CSI is limited to the wideband report. However, many URLLC applications are restricted to small packet transmission and hence often occupy only one or just a few sub-band(s). Hence sub-band CSI is more appropriate to use. The current sub-band CSI feedback is based on differential feedback for overhead reduction, and a 2-bit delta CQI index over the wideband CQI is reported as shown in Table 3. However, this unavoidably leads to a large granularity and inaccuracy of CSI report, especially in frequency selective channel conditions. Then, if the gNB would make the MCS selection based on the coarse CSI report, it will either resulting into low spectrum efficiency (if the good sub-band is selected) or an unreliable transmission (if the poor sub-band is selected). To overcome this issue, an enhanced sub-band feedback method should be introduced to enable accurate CSI feedback, e.g., disabling the differential operation for sub-band CSI report.
Table 3 Mapping sub-band differential CQI value to offset level [6]
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



Proposal 3: Sub-band CSI report mode without differential operation should be enabled in Rel-17. 
Conclusions 
In this contribution, we discuss the enhancements on CSI feedback to allow more accurate MCS adjustment. Based on the discussions, proposals are given as follows.
Observation 1: A-CSI feedback can be used for traffic bursts, and is beneficial to retransmission(s), repetition(s), and new PDSCH transmission(s) either from the initial packet with packet splitting is done in PHY or from a new packet within the survival time.
Observation 2: A-CSI feedback can be used for PDSCH retransmission scheduling considering the combination of the CSI computation delay requirement 1 and PDSCH processing capability 1.
Observation 3: A-CSI conditional triggering, wherein the triggered A-CSI by a DL DCI is only transmitted if the HARQ-ACK is NACK, can be further used to reduce UCI overhead and to increase the UCI reliability.
Proposal 1: Support A-CSI on PUCCH triggered by DL DCI.
Proposal 2: For A-CSI on short PUCCH triggered by DL DCI, the following enhancements should be considered
· Feedback scheme (e.g. separate or joint reporting of A-CSI and HARQ-ACK);
· Timing indication and PUCCH resource allocation.
Proposal 3: Sub-band CSI report mode without differential operation should be enabled in Rel-17. 
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