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[bookmark: _Ref465963108]Introduction
 In RAN plenary #86 [1], the work item on Enhanced Industrial Internet of Things (IIOT) and URLLC Support was agreed [1]. One of the main objectives of the work item is to 
“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, the enhancement of CSI for IOT and URLLC is discussed. 
[bookmark: _Ref525738522][bookmark: _Ref471731770][bookmark: _Ref462669569]Case 1: Channel/interference measurement for new CSI reporting
[bookmark: _Hlk68602299][bookmark: _Hlk68252870]For the 4-bits sub-band CQI agreed under case 1 for Rel-17 URLLC CSI enhancement, no further open issue is identified. 
Case 2: CSI feedback measurement based on PDSCH  
For case 2, there were in total 6 schemes identified for further study in previous RAN1 meetings. 
· Case 2-1: Decoding margin
· Case 2-2: Block error probability
· Case 2-3: (Delta) CQI/MCS/SINR
· Case 2-4: HARQ redundancy version sequence
· Case 2-5: Reason for NACK
· Case 2-6: Number of true NACK 

Among the above 6 schemes, case 2-1, 2-2 are different variations of case 2-3. Given the conclusion made in RAN1 106e  [2], “There is no consensus in RAN1 on the support of delta-MCS in Rel-17”, case 2-1, 2-2, and 2-3 are out of the scope for Rel-17. 
For the remaining three schemes, putting aside the debating on whether a scheme has benefit, it is observed that case 2-4 and case 2-5 would require substantial RAN1 and RAN4 specification work. Given the limited remaining TUs for Rel-17 URLLC, it is not realistic to consider further pursuing case 2-4 and 2-5. 
On the other hand, case 2-6 is a very simple scheme. With case 2-6, a UE just appends a few bits to the end of a HARQ-ACK codebook, e.g., 2 bits, to report the number of true NACKs in the codebook. The specification impact is trivial. The scheme also has very small impact to UE implementation complexity, as a UE already knows which bits in the codebook are true NACKs based on PDSCH decoding outcomes. 
The benefit of case 2-6 is obvious. With the additional feedback provided by case 2-6, gNB can distinguish DTX vs true NACK, in other words, PDCCH decoding error vs PDSCH decoding error. Therefore, gNB can decide to adjust OLLA for PDCCH or PDSCH accordingly. Otherwise, gNB might wrongly adjust OLLA for PDSCH, while the issue causing NACK is due to PDCCH failure.    
In summary, considering the limited remaining TUs for Rel-17 URLLC and the benefit of case 2-6, it is a low-hanging fruit that RAN1 should consider to pursue in Rel-17.  Therefore, the following proposal is made. 
[bookmark: _Hlk83838843]Proposal 1: Support appending X bits to the end of a HARQ-ACK codebook to indicate the number of true NACKs (excluding DTX) in the codebook. The value of X is 1 or 2, which is configurable by RRC.   
One opening issue of case 2-6 is on how to represent/quantize the number of true NACKs with X bits. Given that a probability of >2 NACKs is typically small (e.g., smaller than a probability of a HARQ-ACK codebook BLER), especially for URLLC, the reporting for the number of true NACKs can focus on 1-2 NACKs and capture >2 NACKs with a single value, as listed in the following 2-bits quantization table. 
Table 1: 2-bits quantization table for quantizing the number of true NACKs in a HARQ-ACK codebook
	Number of true NACKs in a HARQ-ACK codebook
	Value of the 2-bits feedback

	0 NACK
	00

	1 NACK
	01

	2 NACKs
	10

	>2 NACKs
	11



With 1-bit quantization, the quantization table is quite trivial, as listed below
Table 2: 1-bit quantization table for quantizing the number of true NACKs in a HARQ-ACK codebook
	Number of true NACKs in a HARQ-ACK codebook
	Value of the 1-bit feedback

	0 NACK
	0

	>=1 NACK
	1



With the above analysis, the following proposal is made.
Proposal 2: Support quantize the number of true NACKs (excluding DTX) into the configured 1 or 2 bits following the quantization Table 1 and Table 2 as below.   
Table 1: 2-bits quantization table for quantizing the number of true NACKs in a HARQ-ACK codebook
	Number of true NACKs in a HARQ-ACK codebook
	Value of the 2-bits feedback

	0 NACK
	00

	1 NACK
	01

	2 NACKs
	10

	>2 NACKs
	11



Table 2: 1-bit quantization table for quantizing the number of true NACKs in a HARQ-ACK codebook
	Number of true NACKs in a HARQ-ACK codebook
	Value of the 1-bit feedback

	0 NACK
	0

	>=1 NACK
	1
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In summary, we have the following observations for CSI feedback enhancement for Rel-17 IOT and URLLC. 
Proposal 1: Support appending X bits to the end of a HARQ-ACK codebook to indicate the number of true NACKs (excluding DTX) in the codebook. The value of X is 1 or 2, which is configurable by RRC.      
Proposal 2: Support quantize the number of true NACKs (excluding DTX) into the configured 1 or 2 bits following the quantization Table 1 and Table 2 as below.   
Table 1: 2-bits quantization table for quantizing the number of true NACKs in a HARQ-ACK codebook
	Number of true NACKs in a HARQ-ACK codebook
	Value of the 2-bits feedback

	0 NACK
	00

	1 NACK
	01

	2 NACKs
	10

	>2 NACKs
	11



Table 2: 1-bit quantization table for quantizing the number of true NACKs in a HARQ-ACK codebook
	Number of true NACKs in a HARQ-ACK codebook
	Value of the 1-bit feedback

	0 NACK
	0

	>=1 NACK
	1
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