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1. Introduction
In this contribution, we discuss remaining issues of PUCCH structure.
2. [bookmark: OLE_LINK1]Discussion on UCI multiplexing
2.1. Ambiguity on the precision of the fractional number on CSI-reporting
For CSI reports on PUSCH without UL-SCH, if an actual code rate of CSI-part2 is higher than a threshold code rate, then it will be partly or totally dropped until the condition is satisfied as described in [1, TS 38.214] or shown in following equation:
	
	(1)


where  is the actual code rate for CSI-Part2 given by
,
 and are the number of CSI-Part2 reports before and after dropping, respectively, and therefore the number of the dropped CSI-Part2 reports can be expressed by .  is the threshold code rate for PUSCH given by

where  is the target PUSCH code rate from MCS table and  is the CSI offset values for CSI-part2. At this point, we have to carefully treat the fractional number, especially in inequality because the precision of the fractional number is strongly depending on the performance of devices. As a realistic example, assuming that , , , UCI payload (including CRC) = 115 and . From this assumption, we can obtain that  and . A UE which has the capability to calculate the fractional number up to , derives  and . Consequently, the UE determines that Eq.(1) is satisfied, and stop dropping of CSI-part2. On the other hand, a gNB which has the capability to calculate the fractional number up to , derives  and . At this time, the gNB assumes that Eq.(1) is not satisfied, drops CSI-part2 report additionally and recalculate the size of UCI payload. 
Observation 1: The different precision of the fractional number between a UE and a gNB may cause mismatch the number of dropped CSI-part2 reports.
Actually, this is not a new issue that there was a similar problem in the Release 8 of LTE as described in [2]. In NR, we also have to deal with the precision issue. The simplest way is to use the integer value instead of the fractional number in the inequality. At first, we can start finding out solution from Eq.(1) as
.
Above inequality can be rewritten as 
.
We see that there is still a precision ambiguity in the above inequality due to the fractional number of  and . Since  is obtained from the value in Table 6.1.4.1-1 of TS 38.214 dividing by 1024, we can define . In other words,  is an integer value in Table 6.1.4.1-1 of TS 38.214 without dividing by 1024. Based on this definition, above inequality can be further rewritten by
.
Now, it is clear that both sides of inequality are all integer values. It is noteworthy that  becomes integer value for all listed values  in Table 9.3.2 of TS 38.213. Based on this fact, we propose that the condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity as following in text proposal #1 for TS 38.214 subclause 5.2.3.
Proposal 1: The condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity as following in Text proposal #1 for TS 38.214 subclause 5.2.3.
	Text proposal #1
--------- beginning of text proposal for TS 38.214 subcluase 5.2.3 
5.2.3	CSI reporting using PUSCH 
[bookmark: _Hlk508613421]<omitted>

When part 2 CSI is transmitted on PUSCH with no transport block, lower priority bits are omitted untilthe number of Part 2 CSI reports code rate  is the maximum number of Part 2 CSI reports satisfying below a threshold code rate lower than one, where 


·  is the CSI offset value from Table 9.3-2 of [6, TS 38.213].
·  is the integer value of target code rate R x 1024 from Table 6.1.4.1-1;
· R is signaled code rate in DCI. 
·  is the rate matching output sequence length obtained from subclause 6.3.2.4.1.3 of [5, TS 38.212];
·  is the number of n-th CSI-part2 bits;
·  is the number of CRC bits for CSI-part2 defined according to Subclause 6.3.1.2.1 of [5, TS 38.212];
· is the number of CSI-Part2 reports after omission;
[bookmark: _Hlk515473278]If the UE is in an active semi-persistent CSI reporting configuration on PUSCH, the CSI reporting is deactivated when either the downlink BWP or the uplink BWP is changed. Another activation command is required to enables the semi-persistent CSI reporting.
--------- end of text proposal


2.2. Multi-slot PUCCH configuration in single-slot PUCCH
There were lots of discussion about PUCCH resource overlapping and, as results, most of overlapping cases can be resolved. One of the remaining concerns is PUCCH format configuration for multi-slot PUCCH (or PUCCH repetition). The multi-slot PUCCH configuration is configured by higher layer parameter nrofSlots as shown in below [3, TS 38.331].

PUCCH-FormatConfig ::=               SEQUENCE {
    interslotFrequencyHopping            ENUMERATED {enabled}                     OPTIONAL,   -- Need R
    additionalDMRS                       ENUMERATED {true}                        OPTIONAL,   -- Need R
    maxCodeRate                          PUCCH-MaxCodeRate                        OPTIONAL,   -- Need R
    nrofSlots                            ENUMERATED {n2,n4,n8}                    OPTIONAL,   -- Need S
    pi2BPSK                              ENUMERATED {enabled}                     OPTIONAL,   -- Need R
    simultaneousHARQ-ACK-CSI             ENUMERATED {true}                        OPTIONAL    -- Need R
}

The problem is that the multi-slot PUCCH configuration is configured per PUCCH format, not PUCCH resource. Assuming that PUCCH resource A and PUCCH resource B are overlapped. Throughout the pseudo-code in Section 9.2.5 of TS 38.213, a UE determine the new PUCCH resource to multiplex two PUCCH resource A and B. The new PUCCH resource, however, can be a PUCCH format 3, and moreover, if a gNB configures multi-slot PUCCH configuration (i.e., nrofSlots > 1) on PUCCH format 3, then the new resource suddenly becomes multi-slot, which is undefined in the pseudo-code in current specification [4]. Same problem occurs in multi-CSI-PUCCH configuration. In these cases, there is no procedure for the UE. In order to resolve this problem, we propose that a UE is expected to be provided with the same “nrofSlots” configuration for PUCCH format 1, 3 and 4. It is noteworthy that  if the higher layer parameter nrofSlots is not provided, otherwise  nrofSlots where  is the number of repetition slots.
Proposal 2: A UE is expected to be provided with the same “nrofSlots” configuration for PUCCH format 1, 3 and 4 as following in Text proposal #2 for TS 38.213 subclause 9.2.5.

	[bookmark: _Toc517265066]Text proposal #2
--------- beginning of text proposal for TS 38.213 subcluase 9.2.5 
9.2.5	UE procedure for reporting multiple UCI types
<omitted>
if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 where the UE expects  for the resource.
<omitted>
multiplex UCI for resources [image: ] in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2 where a UE expects  for the single resource.
set the index of the single resource to [image: ] 

[bookmark: _GoBack]<omitted>
--------- end of text proposal



3. Conclusion
In this contribution, we propose
[bookmark: _References]Proposal 1: The condition of dropping CSI-part2 in UCI on PUSCH without UL-SCH should be an inequality by using an integer value in order to avoid the fractional precision ambiguity as following in Text proposal #1 for TS 38.214 subclause 5.2.3.
Proposal 2: A UE is expected to be provided with the same “nrofSlots” configuration for PUCCH format 1, 3 and 4 as following in Text proposal #2 for TS 38.213 subclause 9.2.5.
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