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1 Introduction
For long PUCCH formats there are some remaining issues that should be resolved to complete the specifications. This contribution addresses these issues including CRC length determination when determining the PUCCH resources, UCI type supported when UCI repetition on PUCCH is applied and UCI multiplexing when multi-slot PUCCH overlaps with PUSCH.

2 Discussion
2.1 UCI type with PUCCH repetition
UCI repetition on PUCCH is supported for long PUCCH formats. However, it is not clear whether such PUCCH repetition is supported for all UCI types or only for HARQ-ACK. For simplicity we prefer to reuse the LTE design principle to limit repetition to only HARQ-ACK transmission. 
Proposal 1: It should be clarified that PUCCH repetition is only used for HARQ-ACK.
2.2 Multi-slot PUCCH overlapping with single slot PUCCH
In RAN1#92bis, we had a WA for single slot PUCCH overlapping with single slot PUCCH case. However, we do not have agreement for multi-slot PUCCH overlapping with single slot PUCCH case. Considering that the transmission scheme for HARQ-ACK only and HARQ-ACK+SR/CSI are different, if there is SR/CSI PUCCH overlapping with HARQ-ACK PUCCH in a slot during the multi-slot transmission of HARQ-ACK, multiplexing all UCI in that slot will destroy the repetition gain of HARQ-ACK since UE need to recoding HARQ-ACK by either joint coding with SR/CSI or separate coding with CSI part2 (if any). Hence, we prefer to drop other UCI if collides with a repetition HARQ-ACK on PUCCH.
Proposal 2: SR/CSI should be dropped if colliding with a PUCCH repetition with HARQ-ACK.
2.3 Multi-slot PUCCH overlapping with PUSCH
For single slot PUCCH overlapping with PUSCH, it has been discussed a lot and many agreements have been achieved. But for multi-slot PUCCH overlapping with single slot or multi-slot PUSCH, there were no agreements. Generally, two options can be considered as below:

· Option 1: Use the same multiplexing principle as single slot PUCCH overlapping with PUSCH 

In this option, overlapped PUCCH and PUSCH is handled the same way as single slot case in each slot with overlapping. If PUCCH and PUSCH have same starting symbol, piggyback UCI on PUSCH in that slot and drop PUCCH transmission. If PUCCH and PUSCH have different starting symbol, the timeline requirements defined in the RAN1 #92bis working assumption can be reused to determine whether UCI is multiplexed on PUSCH. 
It should be clarified that for multi-slot PUCCH, the coded bits of UCI should not be changed in any slot of the repetition bundle regardless of whether or not it is transmitted on PUCCH or multiplexed onto PUSCH in a slot where PUCCH and PUSCH overlap. This is because UCI may be transmitted on PUCCH in some slot within the multi-slot if there is no PUSCH overlapping with PUCCH, and UCI may be transmitted on different PUSCH in different slots within the multi-slot if there are multiple PUSCH overlapping with PUCCH, as shown in Figure 1. PUCCH and PUSCH, or different PUSCH may have different available resources for UCI, which requires UE to do channel coding and rate matching again to satisfy the target resources. This is not preferred from either UE implementation or the combination of UCI repetition in multi-slot. Hence, UE only gets the coded bits of UCI in the first slot that for UCI transmission based on the available resource for UCI of either PUCCH or PUSCH that determined according to the above rule. When the UL channel used for carrying the UCI is changed within the multi-slot transmission, if the coded bits of UCI requires less resources than  the UCI resource on the target UL channel used for carrying UCI, repetition is used; otherwise truncation is used.
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Figure 1: UCI transmission in multi-slot
· Option 2: Drop PUSCH in overlapped slots
In LTE, HARQ-ACK repetition is supported; all the other channels and signals overlapped with PUCCH for HARQ-ACK repetition are dropped. In NR, UE can also drop all the other channels and signals overlapped with multi-slot PUCCH to protect the PUCCH performance.
Comparing the above two options, Option 2 is simple but PUSCH cannot be transmitted if it is overlapped with PUCCH, the system performance is impacted. Option 1 can avoid the PUSCH dropping, but gNB should ensure the same starting symbol of PUCCH and PUSCH or ensure the timeline requirements are satisfied in each slot with overlapping within the multi-slot transmission, otherwise, the UE behavior in one or more slots within the multi-slot transmission is not specified, which will impact the repetition gain. In addition, repetition or truncation of coded bits of UCI is required due to the changing of target UL channel for UCI transmission. From the simple implementation and specification and also to align with single slot PUCCH overlapping with single slot PUCCH case, Option 2 is preferred.
Proposal 3: For multi-slot PUCCH overlapping with PUSCH, PUSCH should be dropped.
2.4 Reference CRC for PUCCH resource determination
The following agreements were made in the channel coding session regarding polar code segmentation: 

Agreement in RAN1#92bis:
· Polar code segmentation is applied if (
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The number of coded UCI bits after rate matching depends on the number of PRBs but the number of PRBs used for transmitting PUCCH formats 2 and 3 is determined by the UCI payload and CRC bits. To solve the “chicken-egg” problem for the CRC and PRB number determination, we prefer to use a reference CRC size of 11 bits to determine the number of PRBs for PUCCH format 2 or PUCCH format 3 transmission when the UCI payload is from 360 to 1012 bits. Note that this is only for determining the number of PRBs and will not affect the actual CRC size after the number of PRBs is determined. That is, if based on the determined number of PRBs, the coded bits of UCI will be no less than 1088, it means segmentation is used and the final CRC is 22 bits totally for two segmentations.

Proposal 4: When the UCI payload is from 360 to 1012 bits, 11 bits CRC is used as a reference for determining the number of RBs for transmission using PUCCH format 2 or PUCCH format 3.
2.5 CR for TS 38.213

Issue 1: For the multiplexing of HARQ-ACK and SR in Subclause 9.2.5.1
It is not clear that which PUCCH format is used for HARQ-ACK and SR transmission in the section 9.2.5.1 of TS 38.213 for the multiplexing of SR and HARQ-ACK using PUCCH format 0 or PUCCH format 1. It should be noticed that we do not have agreement for the multiplexing rule of the overlapping between SR with PF1 and HARQ-ACK with PF0, and we have agreement to drop SR for the overlapping between SR with PF0 and HARQ-ACK with PF1. Hence, the following TP should be adopted. 

9.2.5.1            UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH
If a UE would transmit HARQ-ACK information bits using PUCCH format 0, and the UE is configured to transmit SR using PUCCH format 0, and the transmission of SR would overlap with the transmission of HARQ-ACK PUCCH, 
· For positive SR, the UE transmits the PUCCH format 0 in PRB(s) indicated by DCI format 1_0 or DCI format 1_1 for HARQ-ACK transmission as described in Subclause 9.2.3. The UE determines a value of 
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 [4, TS 38.211] where 
[image: image7.wmf]0

m

 is provided by higher layer parameter initialcyclicshift of PUCCH-format0, and 
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 is determined from the value of one HARQ-ACK bit or from the values of two HARQ-ACK bits as in Table 9.2.5-1 and Table 9.2.5-2, respectively. 

· For negative SR, the UE transmits the PUCCH format 0 for HARQ-ACK transmission as described in Subclause 9.2.3.
If a UE would transmit SR in a first PUCCH using PUCCH format 0 and HARQ-ACK information bits in a second PUCCH using PUCCH format 1 and the first and second PUCCH would overlap, the UE transmits only the HARQ-ACK information bits using PUCCH format 1 in the second PUCCH. 

If a UE would transmit at most two HARQ-ACK information bits using PUCCH format 1, and the UE is configured to transmit SR using PUCCH format 1, and the transmission of SR would overlap with the transmission of HARQ-ACK, 
· For negative SR, the UE transmits the PUCCH format 1 using a PUCCH resource indicated by DCI format 1_0 or DCI format 1_1 for HARQ-ACK transmission as described in Subclause 9.2.3. 
· For positive SR and 
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 HARQ-ACK information bits, the UE transmits the PUCCH format 1 using a PUCCH resource for SR transmission as described in Subclause 9.2.4.
----------------------------------------------the unchanged part is omitted-----------------------------------------------------

Issue 2: For the multiplexing of HARQ-ACK/SR and CSI in Subclause 9.2.5.2
Q1: Based on the following agreements in RAN1#91, CRC bits should be not considered when determine the PUCCH resource set. 

Agreements:

· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 

Hence, the following TP should be adopted.

	9.2.5.2            UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
----------------------------------------------the unchanged part is omitted-----------------------------------------------------

If 

· a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a PDCCH indicating SPS PDSCH release; and

· the UE has wideband periodic/semi-persistent CSI reports [6, TS 38.214] to transmit in a PUCCH
· the UE determines a resource for a PUCCH format 2 or a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, by determining a PUCCH resource indicated by the PUCCH resource indicator field from the PUCCH resource configuration for HARQ-ACK transmission [5, TS 38.212] in the last DCI format 1_0 or DCI format 1_1 that the UE detects with 
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 as described in Subclause 9.2.1 and Subclause 9.2.3, and simultaneousHARQ-ACK-CSI= TRUE,
· if 
[image: image12.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

=

PUCCH

UCI

-

symb

RB

ctrl

sc,

PUCCH

RB

part1

-

CSI

CRC,

part1

CSI

SR

ACK

, the UE transmits the HARQ-ACK/SR and periodic/semi-persistent CSI bits using either PUCCH format 2, or PUCCH format 3, or PUCCH format 4 by selecting the minimum number 
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 as described in Subclauses 9.2.3 and 9.2.5.1;

· else, the UE selects 
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 CSI report(s) for transmission together with HARQ-ACK/SR in ascending priority order using either PUCCH format 2, or PUCCH format 3, or PUCCH format 4, where  the value of 
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If 
-
a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a SPS PDSCH release; and 

-
the UE has 
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 sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH; and 

-
the UE determines a resource for either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the 
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 sub-band periodic/semi-persistent CSI reports by determining a PUCCH resource indicated by the PUCCH resource indicator field from the PUCCH resource configuration for HARQ-ACK transmission [5, TS 38.212] in the last DCI format 1_0 or DCI format 1_1 the UE detects with 
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 as described in Subclause 9.2.1 and Subclause 9.2.3, and simultaneousHARQ-ACK-CSI = TRUE
-
if 
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 periodic/semi-persistent CSI reports, where 
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 as described in Subclauses 9.2.3 and 9.2.5.1;

-
else, 
----------------------------------------------the unchanged part is omitted-----------------------------------------------------




Q2: The following agreement made in RAN1#92bis has not been captured in current spec for multiplexing of HARQ-ACK/SR and CSI.

	Agreements:

· When AN/SR and configured CSI PUCCH resources based on PF3 or 4 have the same starting symbols in a slot, when the UE determines the PUCCH resource set is based on the total number of AN/SR and CSI and the PUCCH resource based on ARI, if the PUCCH resource based on ARI for transmitting HARQ-ACK/SR and CSI is determined to PF2, 

· Drop CSI part 2 (if present). Transmit jointly encoded AN/SR and CSI part 1 on the determined PUCCH format 2 resource indicated by ARI using the mapping rules for PF2.


Hence, the following TP should be adopted.

	9.2.5.2            UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH

----------------------------------------------the unchanged part is omitted-----------------------------------------------------
If 
-
a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a SPS PDSCH release; and 

-
the UE has 
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 sub-band [6, TS 38.214] periodic/semi-persistent CSI reports to transmit in a PUCCH; and 

-
the UE determines a resource for either a PUCCH format 2 or a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR and the 
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 sub-band periodic/semi-persistent CSI reports by determining a PUCCH resource indicated by the PUCCH resource indicator field from the PUCCH resource configuration for HARQ-ACK transmission [5, TS 38.212] in the last DCI format 1_0 or DCI format 1_1 the UE detects with 
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 as described in Subclause 9.2.1 and Subclause 9.2.3, and simultaneousHARQ-ACK-CSI = TRUE; if a resource for a PUCCH format 2 is determined, CSI part 2 should be dropped if any, wherein
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 as described in Subclauses 9.2.3 and 9.2.5.1;
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else, 
- if for 
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· else, the UE drops all CSI part 2 reports and selects 
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----------------------------------------------the unchanged part is omitted-----------------------------------------------------


Q3: For wideband periodic/semi-persistent CSI reports, it contains periodic/ semi-persistent CSI reporting with Type I CSI (no splitting CSI), and CSI reporting with Type II CSI (CSI part1). The generation of Type I and Type II CSI is different, which means it is not accurate to just use CSI part1 as the description of wideband CSI.
Hence, the following TP should be adopted.

	9.2.5.2            UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH

----------------------------------------------the unchanged part is omitted-----------------------------------------------------
If 
-
a UE has HARQ-ACK information to transmit in response to a PDSCH reception with a corresponding PDCCH or in response to a PDCCH indicating SPS PDSCH release; and

-
the UE has wideband periodic/semi-persistent CSI reports [6, TS 38.214] to transmit in a PUCCH
-
the UE determines a resource for a PUCCH format 2 or a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, by determining a PUCCH resource indicated by the PUCCH resource indicator field from the PUCCH resource configuration for HARQ-ACK transmission [5, TS 38.212] in the last DCI format 1_0 or DCI format 1_1 that the UE detects with 
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 is the number of CSI reports bits of CSI not of two parts or CSI-part1, the UE transmits the HARQ-ACK/SR and periodic/semi-persistent CSI bits using either PUCCH format 2, or PUCCH format 3, or PUCCH format 4 by selecting the minimum number 
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 as described in Subclauses 9.2.3 and 9.2.5.1;

-
else, the UE selects 
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Proposal 5: The TPs for TS 38.213 Subclauses 9.2.5.1 and 9.2.5.2 should be adopted.

3 Conclusions
Based on the above discussion, we have the following proposals: 
Proposal 1: It should be clarified that PUCCH repetition is only used for HARQ-ACK.
Proposal 2: SR/CSI should be dropped if colliding with a PUCCH repetition with HARQ-ACK.
Proposal 3: For multi-slot PUCCH overlapping with PUSCH, PUSCH should be dropped.
Proposal 4: When the UCI payload is from 360 to 1012 bits, 11 bits CRC is used as a reference for determining the number of RBs for transmission using PUCCH format 2 or PUCCH format 3.
Proposal 5: The TPs for TS 38.213 Subclauses 9.2.5.1 and 9.2.5.2 should be adopted.
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