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1.  Introduction
During the email discussion [90b-NR-37], the following agreements were approved:
Agreements:

A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH

o   FFS details how to use the configuration. The LTE mechanism is the baseline

o   Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits

In RAN1 #91bits, the design on long PUCCH was discussed with following agreements:

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.
In this contribution, we show our views on multiplexing of HARQ-ACK/SR and CSI on PUCCH format 4.
2.  Discussion
For PUCCH format 4, block-wise spreading is supported in frequency domain. The multiplexing capacity of PUCCH format 4 is 2 or 4, i.e. 
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. When the maximum bits of HARQ-ACK/SR and CSI transmitted on PUCCH format 4 is determined based on 
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, where
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is the number of PRBs for PUCCH format 4;
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 is equal to the number of PUCCH symbols 
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 for PUCCH format 4 provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols for PUCCH format 4, after excluding a number of symbols used for DM-RS transmission for PUCCH format 4.
The maximum UCI bits, determined based on above formula, will exceed the payload of PUCCH format 4, 
· when 
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and the code rate 
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 is equal to 0.6 or 0.8; or
· when 
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and the code rate 
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 is equal to 0.35, 0.45, 0.6 or 0.8.
To avoid such problem, 
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 should be used for determining the maximum bits of HARQ-ACK/SR and CSI based on the maximum code rate. Otherwise, the range of maximum code rate for PUCCH format 4 will be severely restricted.
Table 1: Code rate [image: image12.wmf]r

 corresponding to higher layer parameter PUCCH-F2-maximum-coderate, or PUCCH-F3-maximum-coderate, or PUCCH-F4-maximum-coderate
	Value of PUCCH-F2-maximum-coderate
Value of PUCCH-F3-maximum-coderate
Value of PUCCH-F4-maximum-coderate
	Code rate 
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	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.80

	7
	Reserved


3.  Text proposals 
------------------------------------------------Text proposals on 38.213------------------------------------------------------------------
9.2.5.2
UE procedure for multiplexing HARQ-ACK/SR and CSI
< Unchanged parts are omitted >
If a UE has periodic/semi-persistent CSI reports and HARQ-ACK/SR to transmit in a PUCCH and the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR and the UE is configured to transmit periodic/semi-persistent CSI report(s) in a PUCCH using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, respectively, and PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or PUCCH-F4-simultaneous-HARQ-ACK-CSI, respectively   

· if the UE is configured with 
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 PUCCH format 2 resources, or with 
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 PUCCH format 3 resources, or with 
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 PUCCH format 4 resources, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for a number of corresponding REs, 

· if 
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, the PUCCH uses PUCCH format 2 resource 
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 by selecting the minimum number 
[image: image21.wmf]PUCCH

min

,

0

RB,

M

 of PRBs from the 
[image: image22.wmf]PUCCH

0

RB,

M

 PRBs satisfying 
[image: image23.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

PUCCH

0

UCI,

-

symb

RB

ctrl

sc,

PUCCH

min

,

0

RB,

CRC

CSI

SR

ACK

 as described in Subclauses 9.2.3 and 9.2.5.1;
· else if 
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 and 
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, the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the PUCCH uses PUCCH format 2 resource 
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, or the PUCCH format 4 resource 
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 by selecting the minimum number 
[image: image30.wmf]PUCCH

min

,

1

RB,

+

j

M

 of PRBs from the 
[image: image31.wmf]PUCCH

1

RB,

+

j

M

 PRBs satisfying 
[image: image32.wmf](

)

r

Q

N

N

M

O

O

O

O

m

j

×

×

×

×

£

+

+

+

+

PUCCH

0

UCI,

-

symb

RB

ctrl

sc,

PUCCH

min

,

1

RB,

CRC

CSI

SR

ACK

 as described in Subclauses 9.2.3 and 9.2.5.1; 
· else the PUCCH uses PUCCH format 2 resource 
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, or the PUCCH format 4 resource 
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 as described in Subclauses 9.2.3 and 9.2.5.1, where
· 
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 is the total number of HARQ-ACK bits;
· 
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 if there is no scheduling request bit; otherwise, 
[image: image41.wmf]X

O

=

SR

;
· 
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 is the total number of CSI reports bits; 

· 
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 is the total number of CRC bits, if any;
· 
[image: image44.wmf]r

 is the code rate given by higher layer parameter PUCCH-F2-maximum-coderate for PUCCH format 2, or PUCCH-F3-maximum-coderate for PUCCH format 3, or PUCCH-F4-maximum-coderate for PUCCH format 4, respectively, as in Table 9.2.5.2-1.
· 
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 is provided by higher layer parameter PUCCH-F2-number-of-PRBs for PUCCH format 2 or by higher layer parameter PUCCH-F3-number-of-PRBs for PUCCH format 3, and 
[image: image47.wmf]1

PUCCH

RB

=

M

 for PUCCH format 4;
· 
[image: image48.wmf]4

RB

sc

RB

sc,ctrl

-

=

N

N

for PUCCH format 2, 
[image: image49.wmf]RB

sc

RB

ctrl

sc,

N

N

=

 for PUCCH format 3 and 
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 is equal to the number of PUCCH symbols 
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 for PUCCH format 2 provided by higher layer parameter PUCCH-F0-F2-number-of-symbols. For PUCCH format 3 or for PUCCH format 4, 
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 is equal to the number of PUCCH symbols 
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 for PUCCH format 3 or equal to the number of PUCCH symbols 
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 for PUCCH format 4 provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols for PUCCH format 3 or for PUCCH format 4, respectively, after excluding a number of symbols used for DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively [4, TS 38.211];
· 
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 if pi/2-BPSK is the modulation scheme and 
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 if QPSK is the modulation scheme as indicated by higher layer parameter PUCCH-PF3-PF4-pi/2BPSK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, 
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< Unchanged parts are omitted >
_1579047134.unknown

_1579349496.unknown

_1579352621.unknown

_1579353172.unknown

_1579353850.unknown

_1579351810.unknown

_1579047289.unknown

_1579062572.unknown

_1579348631.unknown

_1579047298.unknown

_1579047271.unknown

_1579047280.unknown

_1579047149.unknown

_1579047261.unknown

_1570718027.unknown

_1574573270.unknown

_1574573503.unknown

_1578929678.unknown

_1579046559.unknown

_1579046671.unknown

_1579046821.unknown

_1579046247.unknown

_1574624895.unknown

_1574573433.unknown

_1574573493.unknown

_1574573424.unknown

_1572075538.unknown

_1574573245.unknown

_1570724472.unknown

_1571835276.unknown

_1570723140.unknown

_1570717337.unknown

_1570717356.unknown

_1570717387.unknown

_1570717403.unknown

_1570717349.unknown

_1570658605.unknown

_1570716671.unknown

_1570716774.unknown

_1570660664.unknown

_1570660706.unknown

_1570660691.unknown

_1570659368.unknown

_1570658466.unknown

_1570658545.unknown

_1570658430.unknown

