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1 Introduction

At the RAN1#91 meeting, the following agreements were made with regard to multiplexing HARQ-ACK/SR and CSI on PUCCH [1]:
Agreements:

· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2

· The HARQ-ACK/SR and CSI bits are jointly encoded.

· The number of CSI bits from the CSI report that can be appended to the HARQ-ACK/SR bits is determined such that the UCI bits appended by CRC are encoded with a code rate that does not exceed the maximum configured code rate for PUCCH Format 2. 

· If the coding rate exceeds the maximum configured code rate for PUCCH Format 2, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.

Agreements:

· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4

· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.

· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.

· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for CSI on PUSCH.

TS38.213 Subclause 9.2.5.2 includes specifications on UE procedure for multiplexing HARQ-ACK/SR and CSI on PUCCH Format 2, 3 and 4, respectively. The specifications are incomplete and multiple CSI reports on PUCCH Format 2 and determination of minimum PRB size for multiplexing HARQ-ACK/SR and CSI on PUCCH Format 3 and 4 should be further specified. In this contribution, we provide draft text proposal for UE procedure for multiplexing HARQ-ACK/SR and CSI on PUCCH Format 2, 3 and 4.  
2 Multiplexing of CSI reports and HARQ-ACK/SR on PUCCH format 2 
For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 2, it was agreed in the RAN1#91 meeting that HARQ-ACK/SR and CSI reports are jointly encoded. Further, multiple CSI reports may be carried by short PUCCH. 

In Section 9.2.5.2 in 38.213 [2], when multiple CSI reports are carried by PUCCH format 2, minimum number of PRBs can be determined according to the total number of CSI reports, which allows all the CSI reports to be filled in the PUCCH resource. Further, 
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 is not defined in 38.214 [3], which should be corrected in 38.213. 
Based on the discussions above, the draft text proposal is described as follows:
=== Start of text proposal for 38.213 Subclause 9.2.5.2 ===
If a UE has 
[image: image2.wmf]total

CSI

N

periodic/semi-persistent CSI reports to transmit in a PUCCH and the UE determines a PUCCH format 2 to transmit HARQ-ACK/SR and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE
· if 
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, the UE shall transmit the HARQ-ACK/SR and periodic/semi-persistent CSI bits using PUCCH format 2 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 

according to [6, TS 38.214]; the value of 
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 CSI report according to [6, TS 38.214]
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=== end of text proposal for 38.213 Subclause 9.2.5.2 ===
3 Multiplexing of CSI reports and HARQ-ACK/SR on PUCCH format 3 and 4 

For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 and 4, it was agreed in the RAN1#91 meeting that HARQ-ACK/SR and CSI Part 1 bits are jointly encoded, while CSI Part 2 bits are separately encoded. Note that according to the agreement below in the RAN1#90b meeting [4], for wideband or partial-band reporting, when CSI reports carried by long PUCCH, it may consist of only CSI part 1. However, the current description in 38.213 only considers the case when CSI reports consist of both CSI part 1 and CSI part 2, which should be corrected. 
	· For wideband or partial-band reporting, use the same solution as short PUCCH

· The same payload irrespective of RI/CRI

· For subband reporting

· Use solution as for PUSCH (two-part encoding): slide 4 of R1-1715288

· Note: CRI/RI can be decoded first to determine the payload of PMI/CQI


Further, given that pre-DFT OCC is applied for PUCCH format 4, the total number of available REs for UCI transmission should take into account the spreading factor, i.e., 2 or 4. 

Based on the discussions above, the draft text proposal is described as follows:

=== Start of text proposal for 38.213 Subclause 9.2.5.2 ===
…
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If a UE has 
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 periodic/semi-persistent CSI reports to transmit in a PUCCH and the UE determines either a PUCCH format 3 or a PUCCH format 4 to transmit HARQ-ACK/SR, and PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI = TRUE, respectively
· If CSI reports consist of CSI part 1 only,

· if 
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, the UE shall transmit the HARQ-ACK/SR and periodic/semi-persistent CSI bits using either 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 according to [6, TS 38.214]; the value of 
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· else
· if 
[image: image34.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

PUCCH

symb

RB

ctrl

sc,

PUCCH

RB

CRC

CSI

SR

ACK

 for the 
[image: image35.wmf]total

CSI

N

 periodic/semi-persistent CSI reports, where 
[image: image36.wmf](

)

CSI

1

,

part2

-

CSI

,

part1

-

CSI

total

CSI

O

O

O

N

n

n

n

=

+

å

=

 and 
[image: image37.wmf]CRC

part2

-

CRC,CSI

part1

-

CRC,CSI

O

O

O

=

+

, the UE shall transmit the HARQ-ACK/SR and the 
[image: image38.wmf]total

CSI

N

 periodic/semi-persistent CSI report bits using either PUCCH format 3 or PUCCH format 4 by selecting the minimum number 
[image: image39.wmf]PUCCH

min

RB,

M

 of the 
[image: image40.wmf]PUCCH

RB

M

 PRBs satisfying 
[image: image41.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

PUCCH

symb

RB

ctrl

sc,

PUCCH

min

RB,

CRC

CSI

SR

ACK

 as described in Subclauses 9.2.3 and 9.2.5.1;

· else, 
· if for 
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· else, the UE drops all CSI part2 reports and selects 
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=== end of text proposal for 38.213 Subclause 9.2.5.2 ===
4 Conclusions

In this contribution, we draft text proposals for UE procedure for multiplexing HARQ-ACK/SR and CSI on PUCCH Format 2, 3 and 4, which are described in Section 2 and 3, respectively. 
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