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1. Introduction

In RAN#78 meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 had been approved [1 – 4]. In this contribution, we address the remaining issues on PUCCH resource allocation including some corrections to the current version of TS38.213 (with the corresponding text proposals).
2. Correction to TS38.213
2.1. Implicit PUCCH resource mapping
In RAN1#91 meeting, it was agreed to use an implicit mapping (in addition to explicit indication) for PUCCH resource allocation in case of the PUCCH resource set configuring with more than 4 (no more than 8) PUCCH resources. Based on this agreement, in the current version of TS38.213, it is specified for the case of PUCCH resource set consisting of 8 PUCCH resources that the 2-bit ARI field in DCI indicates two resources (i.e., one of 4 sub-sets) and the UE determines a resource from the two resources through a mapping function to other parameters, but the mapping is not specified yet. On this issue, the following proposal was made in RAN1#91 based on some offline discussion. 
	Proposal:

When >[4] PUCCH resources are configured in a resource set, the PUCCH resource index r within the sub-set is derived by: 

r = mod (C/L, M)
where 

· M is the number of PUCCH resources in the resource sub-set

· C is the starting CCE index of the PDCCH conveying the ARI

· In case HARQ-ACK multiplexing or multiple PDCCH for a UE, C is the starting CCE index of the last received PDCCH for the UE.

· L is the aggregation level of the PDCCH conveying the ARI.


In our view, considering UE operation complexity and gNB scheduling flexibility, the above proposal is reasonable as the mapping function for implicit PUCCH resource allocation. Regarding the case if the UE misses the last scheduled PDCCH from the gNB, it could be handled by gNB implementation, for example, by using the CCE indexes providing a same PUCCH resource index for the last a few PDCCHs. The following is the text proposal for the above correction.
█ Text Proposal
[…]

9.2.3
UE procedure for reporting HARQ-ACK

A UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of 
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 symbols as defined in [4, TS 38.211]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or DL SPS release over a number of symbols where the last symbol is within slot 
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, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot 
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, where 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. The PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.1-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot 
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Table 9.2.1-1: Mapping of PDSCH-to-HARQ_feedback timing indicator  field values to numbers of slots

	PDSCH-to-HARQ_feedback timing indicator 
	Number of slots 
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	'000'
	1st value provided by DL-data-DL-acknowledgement

	'001'
	2nd value provided by DL-data-DL-acknowledgement

	'010'
	3rd value provided by DL-data-DL-acknowledgement

	'011'
	4th value provided by DL-data-DL-acknowledgement

	'100'
	5th value provided by DL-data-DL-acknowledgement

	'101'
	6th value provided by DL-data-DL-acknowledgement

	'110'
	7th value provided by DL-data-DL-acknowledgement

	'111'
	8th value provided by DL-data-DL-acknowledgement


For transmission of HARQ-ACK information in a PUCCH by a UE, the UE determines a PUCCH resource after determining a set of PUCCH resources, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where detected DCI formats are indexed in an ascending order first across cells indexes and then across PDCCH monitoring occasion indexes. The PUCCH resource indicator field values map to values of PUCCH resource indexes provided by higher layer parameter PUCCH-resource-index as defined in Table 9.2.1-2 from a number of indexes provided by higher layer parameter PUCCH-resource-set-size. 

If the PUCCH-resource-set-size is larger than four and the PUCCH resource indicator field indicates two PUCCH resources, the UE determines a PUCCH resource from the two PUCCH resources through the following mapping function.     
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where C is the starting CCE index of the last received PDCCH corresponding to the HARQ-ACK transmission on the PUCCH resource for the UE, and L is the CCE aggregation level of the last received PDCCH corresponding to the HARQ-ACK transmission on the PUCCH resource for the UE. The UE determines the first PUCCH resource when r = 0 or determines the second PUCCH resource when r = 1, from the two PUCCH resources indicated by the PUCCH resource indicator field. 
Table 9.2.1-2: Mapping of PUCCH resource indication field values to a PUCCH resource in a PUCCH resource set

	PUCCH resource indicator 
	PUCCH resource

	‘00’ 
	{1st, 5th} resource provided by PUCCH-resource-index

	‘01’ 
	{2nd, 6th}  resource provided by PUCCH-resource-index

	‘10’ 
	{3rd, 7th} resource provided by PUCCH-resource-index

	‘11’ 
	{4th, 8th} resource provided by PUCCH-resource-index


If a UE receives a PDSCH without a corresponding PDCCH, a PUCCH resource for corresponding HARQ-ACK transmission is provided by higher layer parameter n1PUCCH-AN.

If a UE transmits HARQ-ACK using PUCCH format 0, the UE determines a value 
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 for computing a value of cyclic shift 
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 [4, TS 38.211] as 
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is provided by higher layer parameter PUCCH-F0-F1-initial-cyclic-shift of PUCCH-F0-resource-config, 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 9.2.1-3 and Table 9.2.1-4, respectively, where a NACK value is mapped to ‘0’ and an ACK value is mapped to ‘1’. 

Table 9.2.1-3: Mapping of values for one HARQ-ACK bit to sequences

	HARQ-ACK Value
	0
	1

	Sequence cyclic shift
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Table 9.2.1-4: Mapping of values for two HARQ-ACK bits to sequences

	HARQ-ACK Value
	{0, 0}
	{0, 1}
	{1, 1}
	{1, 0}

	Sequence cyclic shift
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If a UE transmits 
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HARQ-ACK bits and 
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 bits using PUCCH format 2 or PUCCH format 3, the UE determines a number of PRBs 
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 for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and starts from the first PRB from the number of PRBs, that results to 
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 are defined in Subclause 9.2.5.2. 

[…]
2.2. RB determination based on UCI size
It was agreed in RAN1#91 to determine the number of PRBs used for transmitting PUCCH format 2/3/4 based on the total number of UCI bits and the configured maximum UCI coding rate, where the determined number of PRBs is upper-bounded by the configured number of PRBs. In the current TS38.213, it seems that the above UE behaviour for determining RB number in the configured PUCCH resource are well-captured for the following three cases of UCI transmission on PUCCH format 2/3/4: (1) HARQ-ACK only on PUCCH, (2) HARQ-ACK and SR on PUCCH, and (3) HARQ-ACK/SR and CSI on the PUCCH resource configured for CSI reporting. On the other hand, for the case of simultaneous HARQ-ACK/SR and CSI transmission on the PUCCH resource configured for HARQ-ACK feedback, the RB number determination doesn’t seem to be specified for the case of PUCCH format 3/4 resource while it seems to be only specified for the case of PUCCH format 2. Since there is no special condition in the above agreement to apply the RB number determination, the relevant correction is necessary to the current spec. The following is the text proposal for the above correction.
█ Text Proposal
[…]

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

For a UE transmitting a PUCCH using PUCCH format 2, PUCCH format 3, or PUCCH format 4 to convey HARQ-ACK/SR and periodic CSI reports 

-
if the UE transmits PUCCH using PUCCH format 2 to convey the HARQ-ACK/SR, the UE transmits HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in the PUCCH if the parameter PUCCH-F2-simultaneous-HARQ-ACK-CSI provided by higher layers is set TRUE; otherwise, the UE drops the periodic CSI report(s) and conveys only HARQ-ACK/SR in the PUCCH as described in Subclause 9.2.5.1;
-
if the UE transmits PUCCH using PUCCH format 3 to convey the HARQ-ACK/SR, the UE transmits HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in the PUCCH if the parameter PUCCH-F3-simultaneous-HARQ-ACK-CSI provided by higher layers is set TRUE; otherwise, the UE drops the periodic CSI report(s) and conveys only HARQ-ACK/SR in the PUCCH as described in Subclause 9.2.5.1;
-
if the UE transmits PUCCH using PUCCH format 4 to convey the HARQ-ACK/SR, the UE transmits HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in the PUCCH if the parameter PUCCH-F4-simultaneous-HARQ-ACK-CSI provided by higher layers is set TRUE; otherwise, the UE drops the periodic CSI report(s) and conveys only HARQ-ACK/SR in the PUCCH as described in Subclause 9.2.5.1.
A UE is configured by higher layer parameter PUCCH-F2-maximum-coderate a code rate for transmission of HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 2. 

A UE is configured by higher layer parameter PUCCH-F3-maximum-coderate a code rate for transmission of HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 3. 

A UE is configured by higher layer parameter PUCCH-F4-maximum-coderate a code rate for transmission of HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 4. 

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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 as described in Subclauses 9.2.3 and 9.2.5.1;
-
else if 
[image: image40.wmf](

)

r

Q

N

N

M

O

O

O

O

m

j

j

×

×

×

×

>

+

+

+

PUCCH

symb,

RB

ctrl

sc,

PUCCH

RB,

CRC

CSI

SR

ACK

 and 
[image: image41.wmf](

)

r

Q

N

N

M

O

O

O

O

m

j

j

×

×

×

×

£

+

+

+

+

+

PUCCH

1

symb,

RB

ctrl

sc,

PUCCH

1

RB,

CRC

CSI

SR

ACK

, 
[image: image42.wmf]1

0

-

<

£

J

j


, 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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 as described in Subclauses 9.2.3 and 9.2.5.1; 
-
else the PUCCH uses PUCCH format 2 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 CSI reports bits; 

-
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 is the total number of CRC bits, if any;
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 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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 for PUCCH format 3 and PUCCH format 4;
-
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 is provided by higher layer parameter PUCCH-F0-F2-number-of-symbols for PUCCH format 2, and is determined by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols for PUCCH format 3 or for PUCCH format 4 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 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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If a UE has 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 in ascending order of 
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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 
[image: image89.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

PUCCH

symb

RB

sc

PUCCH

RB

CRC

CSI

SR

ACK

 for the 
[image: image90.wmf]total

CSI

N

 periodic/semi-persistent CSI reports, where 
[image: image91.wmf](

)

CSI

1

,

part2

-

CSI

,

part1

-

CSI

total

CSI

O

O

O

N

n

n

n

=

+

å

=

 and 
[image: image92.wmf]CRC

part2

-

CRC,CSI

part1

-

CRC,CSI

O

O

O

=

+

, the UE shall transmit the HARQ-ACK/SR and the 
[image: image93.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: image94.wmf]PUCCH

min

RB,

M

 of the 
[image: image95.wmf]PUCCH

RB

M

 PRBs satisfying 
[image: image96.wmf](

)

r

Q

N

N

M

O

O

O

O

m

×

×

×

×

£

+

+

+

PUCCH

symb

RB

sc,ctrl

PUCCH

min

RB,

CRC

CSI

SR

ACK

 as described in Subclauses 9.2.3 and 9.2.5.1;
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 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 
[image: image121.wmf]r

 

	
	

	0
	0.08

	1
	0.15

	2
	0.25

	3
	0.35

	4
	0.45

	5
	0.60

	6
	0.80

	7
	Reserved


[…]

3. Issues on PUCCH resource allocation
3.1. Initial PUCCH resource set configuration
In RAN1#91 meeting, following two agreements were made for the purpose of the PUCCH resource allocation for HARQ-ACK before RRC connection setup. Based on these agreements, we provide our view on the initial PUCCH resource set configuration and the HARQ-ACK resource allocation based on the set before RRC connection. 
	Agreements:

· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 

· FFS other details (no additional RRC impact)

Agreements:

· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.


Considering the above agreements, the HARQ-ACK PUCCH resource allocation before RRC connection could be done by the following steps.

1) Step 0: Up to 16 PUCCH resource sets are defined in spec.
2) Step 1: One of the 16 resource sets is configured by 4-bit parameter in RMSI.
3) Step 2: One of 4 sub-sets in the configured resource set is indicated by 2-bit ARI field in DCI.

4) Step 3: One PUCCH resource in the indicated sub-set is determined by implicit mapping.
Firstly, for the initial PUCCH resource sets in the Step 0 and Step 1, at least the followings need to be considered for network configuration flexibility.
1) PUCCH format (e.g. 0 and/or 1) configured in a resource set
2) Starting symbol and symbol duration for a given PUCCH format

3) Cyclic shift gap (e.g. 1 or 2 or 3) between PUCCH resources

Considering various cell deployments, dynamic TDD operation, and different channel characteristics, the followings can be considered as the design principle for the initial PUCCH resource set.
1) A resource set (i.e., Set type 1) can consist of single PUCCH format with single {starting symbol index, symbol duration} combination
2) A resource set (i.e., Set type 2) can consist of single PUCCH format with multiple {starting symbol index, symbol duration} combinations

3) A resource set (i.e., Set type 3) can consist of multiple PUCCH formats with multiple {starting symbol index, symbol duration} combinations
4) Cyclic shift (CS) gap value can be differently configured between different resource sets

Based on the above consideration points, we propose three alternatives as provided in Table 1/2/3/4 for the initial PUCCH resource sets. To be specific, a single CS gap value is configured within a set (except for the Set #15 for full flexibility) in Table 1, and a single PUCCH format is configured within a set (with one or multiple CS value(s)) in Table 2, and multiple {start symbol index, duration} combinations are configured within a set (except for the Set #4/5/6/7 intended for FDD case and the Set #0/1/2/3 intended for TDD case) in Table 3 and Table 4. 
Table 1: Proposed initial PUCCH resource sets (Alt 1)
	Set index
	PUCCH format
	{start symbol index, duration}
	CS gap value

	0
	0
	{13, 1}
	1

	1
	0
	{13, 1}
	2

	2
	0
	{13, 1}
	3

	3
	0
	{13, 1}, {12, 2}
	1

	4
	0
	{13, 1}, {12, 2}
	2

	5
	0
	{13, 1}, {12, 2}
	3

	6
	1
	{0, 14}
	1

	7
	1
	{0, 14}
	2

	8
	1
	{0, 14}
	3

	9
	1
	{0, 14}, {3, 10}
	1

	10
	1
	{0, 14}, {3, 10}
	2

	11
	1
	{0, 14}, {3, 10}
	3

	12
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	1

	13
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	2

	14
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	3

	15
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	1, 2, 3


Table 2: Proposed initial PUCCH resource sets (Alt 2)
	Set index
	PUCCH format
	{start symbol index, duration}
	CS gap value

	0
	0
	{13, 1}
	1

	1
	0
	{13, 1}
	2

	2
	0
	{13, 1}
	3

	3
	0
	{13, 1}
	1, 2, 3

	4
	0
	{13, 1}, {12, 2}
	1

	5
	0
	{13, 1}, {12, 2}
	2

	6
	0
	{13, 1}, {12, 2}
	3

	7
	0
	{13, 1}, {12, 2}
	1, 2, 3

	8
	1
	{0, 14}
	1

	9
	1
	{0, 14}
	2

	10
	1
	{0, 14}
	3

	11
	1
	{0, 14}
	1, 2, 3

	12
	1
	{0, 14}, {3, 10}
	1

	13
	1
	{0, 14}, {3, 10}
	2

	14
	1
	{0, 14}, {3, 10}
	3

	15
	1
	{0, 14}, {3, 10}
	1, 2, 3


Table 3: Proposed initial PUCCH resource sets (Alt 3)
	Set index
	PUCCH format
	{start symbol index, duration}
	CS gap value

	0
	0
	{13, 1}, {12, 2}
	1

	1
	0
	{13, 1}, {12, 2}
	2

	2
	0
	{13, 1}, {12, 2}
	3

	3
	0
	{13, 1}, {12, 2}
	1, 2, 3

	4
	1
	{0, 14}
	1

	5
	1
	{0, 14}
	2

	6
	1
	{0, 14}
	3

	7
	1
	{0, 14}
	1, 2, 3

	8
	1
	{0, 14}, {3, 10}
	1

	9
	1
	{0, 14}, {3, 10}
	2

	10
	1
	{0, 14}, {3, 10}
	3

	11
	1
	{0, 14}, {3, 10}
	1, 2, 3

	12
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	1

	13
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	2

	14
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	3

	15
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	1, 2, 3


Table 4: Proposed initial PUCCH resource sets (Alt 4)
	Set index
	PUCCH format
	{start symbol index, duration}
	CS gap value

	0
	0
	{13, 1}
	1

	1
	0
	{13, 1}
	2

	2
	0
	{13, 1}
	3

	3
	0
	{13, 1}
	1, 2, 3

	4
	1
	{0, 14}
	1

	5
	1
	{0, 14}
	2

	6
	1
	{0, 14}
	3

	7
	1
	{0, 14}
	1, 2, 3

	8
	1
	{0, 14}, {3, 10}
	1

	9
	1
	{0, 14}, {3, 10}
	2

	10
	1
	{0, 14}, {3, 10}
	3

	11
	1
	{0, 14}, {3, 10}
	1, 2, 3

	12
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	1

	13
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	2

	14
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	3

	15
	0, 1
	{13, 1}, {12, 2}, {0, 14}, {3, 10}
	1, 2, 3


Secondly, the 4 sub-sets of the resources (within the initial PUCCH resource set configured by RMSI) indicated by 2-bit ARI in the Step 2 could be differently defined according to the resource composition in the PUCCH resource set (i.e., according to Set type) configured by RMSI as below.
1) Indication of the PRB index including the PUCCH resource intended to UE (or an offset of PUCCH resource index) in case of Set type 1
2) Indication of {start symbol index, duration} combination and/or the PRB index for the intended PUCCH resource in case of Set type 2

3) Indication of the PUCCH format and/or {start symbol index, duration} combination for the intended PUCCH resource in case of Set type 3

Lastly, the final (one) PUCCH resource (within the resource sub-set indicated by ARI in DCI) could be determined by the following formula (same as the proposal in the above Section 2.1). 

r = mod (C/L, M)
On top of the above steps, it can be considered to use 2-bit ARI field in the DCI scheduling RAR for the purpose of configuring the initial PUCCH resource set, and then more than 16 resource sets can be defined as the initial PUCCH resource sets for network flexibility. 

Proposal 1: PUCCH resource allocation for HARQ-ACK feedback before RRC connection is done by the following steps.

(1) Step 0: Up to 16 PUCCH resource sets are defined in spec.

(2) Step 1: One of the 16 resource sets is configured by 4-bit parameter in RMSI.
(3) Step 2: One of 4 sub-sets in the configured resource set is indicated by 2-bit ARI field in DCI.

(4) Step 3: One PUCCH resource in the indicated sub-set is determined by implicit mapping.

Proposal 2: Initial PUCCH resource sets used before RRC connection are defined in spec based on the following principles. 
(1) A resource set can consist of single PUCCH format with single {starting symbol index, symbol duration} combination.
(2) A resource set can consist of single PUCCH format with multiple {starting symbol index, symbol duration} combinations.
(3) A resource set can consist of multiple PUCCH formats with multiple {starting symbol index, symbol duration} combinations.
(4) Cyclic shift (CS) gap value can be differently configured between different resource sets.
3.2. PUCCH resource and RB determination with CSI report
Regarding the determination of PUCCH resource and PRB number in the PUCCH resource in case with CSI report on PUCCH format 3/4, specifically, the relevant UE behaviours are specified in the current TS38.213 according to UCI combination on PUCCH as the followings.
(1) Case 1: CSI + HARQ-ACK on PUCCH format 3/4 configured for HARQ-ACK

A. Step 1: select PUCCH resource set according to total UCI size (i.e., Nu)

B. Step 2: determine the number of PRBs in the PUCCH resource (indicated by ARI) according to the combination of Nu and the maximum UCI coding rate (i.e., R)

(2) Case 2: CSI + HARQ-ACK on PUCCH format 3/4 configured for CSI report

A. Step 1: select one of multiple PUCCH resources according to the combination of Nu and R

B. Step 2: determine the number of PRBs in the selected PUCCH resource according to the combination of Nu and R
Besides, according to the current version of TS38.212, the followings are specified for UCI encoding and RE mapping on PUCCH format 3/4.
1) CSI part 1 and HARQ-ACK are jointly encoded, and {CSI part 1+HARQ-ACK} and CSI part 2 are separately encoded

2) Coded bits for {CSI part 1+HARQ-ACK} are mapped first to the symbols/REs adjacent to DMRS, and then coded bits for CSI part 2 are mapped to the remaining REs

However, considering potential variation on the number of CSI part 2 bits, the above procedure seems to cause excessive (or unnecessary) PUCCH resource overhead (to be reserved considering the variation of CSI part 2) and make PUCCH blind detection complicated in the gNB. More specifically, the PUCCH resource set in Case 1 or the PUCCH resource in Case 2 selected by the UE would be different according to the number of CSI part 2 bits, and the gNB would need to reserve multiple PUCCH resources or resource sets and perform blind detection for those resources or sets. Considering efficient resource utilization and gNB detection complexity, it is reasonable to select PUCCH resource or set based on a reference (fixed) number of CSI part 2 bits (for example, as the CSI part 2 bits by assuming rank = 1 or as the possible maximum number of CSI part 2 bits) rather than actual number of CSI part 2 bits. Even for determining the number of PRBs in the selected PUCCH resource, considering resource efficiency in terms of PUCCH reservation and gNB complexity involved with blind detection (on different RE mapping for the {CSI part 1+HARQ-ACK} according to the number of PRBs determined by the UE), it is reasonable to use reference CSI part 2 bits rather than actual CSI part 2 bits. 
Proposal 3: PUCCH resource (set) selection and determination of PRB number for UCI transmission on PUCCH format 3/4 is done based on a reference (fixed) number of CSI part 2 bits rather than actual number of CSI part 2 bits.
3.3. Multiple PUCCHs with different starting/duration
One remaining issue to be decided is the handling of: Case 1) partial overlapping between multiple PUCCHs with different starting symbol and/or duration, and Case 2) partial overlapping between PUCCH and PUSCH with different starting symbol and/or duration. On this issue, it is required to consider whether the minimum UE processing time, for example, to prepare HARQ-ACK signal after decoding PDSCH, is guaranteed or not. In principle, if the involved UE processing time is sufficient, the UCIs configured to be conveyed on the multiple PUCCHs can be jointly transmitted by using one of the PUCCHs in Case 1 and the UCI configured to be conveyed on the PUCCH can be piggybacked on the PUSCH in Case 2. Otherwise, for example, only one of the multiple PUCCHs is transmitted by dropping other PUCCHs in Case1 and the PUCCH is only transmitted by dropping the PUSCH in Case 2. As another example, the overlapped symbol(s) is rate-matched or punctured for PUCCH or PUSCH.
Proposal 4: It is required to decide the handling of partial overlapping between multiple PUCCHs or between PUCCH and PUSCH with different starting symbol and/or duration, with consideration of the minimum UE processing time.
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