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1 Introduction
At RANI #104bis, the following agreements were agreed:
Agreements:

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when
the total number of LP and HP HARQ-ACK bits is more than 2, support separate coding for the two HARQ-ACKs.

e FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
e (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH

which has HP A/N.
o FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15
for A/N+CSI-1.
o FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for
CSI-2.
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Agreement:

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, support
separate coding for the two HARQ-ACKs.

e [t is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in
Rel-17 should not exceed that in Rel-15/16.

At RANI #105-¢, the following agreements were reached:
Agreement:

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when
the total number of LP and HP HARQ-ACK bits is more than 2,

e For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two
options:

o Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-
bit.

o Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.

e For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately
encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.

e  FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.

Agreement:

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when
the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.

. Rel-15 design (for PFO and PF1) is baseline.

. Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection
between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC
accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.

In this contribution, continuing the discussion from [10], we provide our views on UCI multiplexing design and related
design from HARQ/CSI enhancements.

On UCI multiplexing over PUCCH:

e In Section 2, we discuss the UCI multiplexing flow in Rel-16 and Rel-17.

e Insection 3, we review the Re-15/Rel-16 design in PUCCH resource set selection, PUCCH resource selection,
PRB number adjustment and CSI omission. In Sections 4/5/6, we give our proposals on PUCCH resource set
selection, PRB number adjustment and UCI omission in Rel-17. Some design issues are identified in Section 8
also, a joint PUCCH resource set/PUCCH resource selection is proposed overt here to address the raised
issues.

e The order UClIs in UCI parts are treated in Section 7. And separate encoding design for PF2 is treated in
Section 9. UCI multiplexing with a small payload size is treated in Section 10.

e SPS HARQ related issues are discussed in Section 10.

On UCI multiplexing over PUSCH:
e In Section 11, we discuss alternatives in where to map LP-HARQ ACK over PUSCH.
e In Section 12, We discuss how beta/alpha are loaded for PUSCH.

In Section 13, we discuss power control for PUCCH formats 2/3/4 to support UCIs of mixed physical priorities.

In Section 14, we discuss CG/DG PUSCH cancellation, and in Section 15, we discuss simultaneous PUCCH/PUSCH
transmission.
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2 Discussion on Rel-17 UCI multiplexing flow

From the past RAN1 meetings on Rel-17 elloT/URLLC, we can see there can be some UE features coming out of the
Rel-17 WI. As UCI multiplexing is complicated even in Rel-15, we need to ensure decision taken on each of them
won’t in the end lead to big problems.

e Interms of the transmission of UCIs
o sim Tx of PUCCH/PUSCH
o PUCCH carrier switching
e Interms of UCI multiplexing
o inter-priority multiplexing
o PHY cancellation of DG PUSCH/CG PUSCH
e Interms of HARQ codebook construction
o SPS HARQ deferral
o retransmission of cancelled HARQ
o Type 1 sub-slot HARQ codebook enhancement
o SPS HARQ skipping
e Interms of the physical channel design of PUCCH:
o PUCCH sub-slot repetition
o PUCCH F0/F2 inter-sub-slot repetition

Fundamental to UCI multiplexing in Rel-17 is the decision whether the Rel-16 L1 priority-specific UCI multiplexing
design is used as the baseline or a L1 priority-agnostic UCI multiplexing design similar to that in Rel-15 is used as the
baseline.

Considering L1 priority based UCI prioritization and inter-L1 priority UCI multiplexing may need to be supported at
the same time:
e  The current agreements on intra-UE multiplexing cover HARQ/SR multiplexing only, CSI is excluded in the
consideration hence UCI-type specific treatment with prioritization or multiplexing is assumed to be necessary
e  Under some condition inter-L1 priority multiplexing may be infeasible due to processing time
e If the processing flow for multiplexing is to a large degree shared with that of prioritization, then both
specification effort and implementation/test effort can be reduced.

With these considerations, we propose to study the UCI processing flow in Rel-17. Note some items included there (e.g.
PUCCH carrier switching, Type 1 codebook enhancement, etc) are for inspection on their effect on the UCI
multiplexing processing flow, their inclusion here does not suggest we find them to be essential to the Rel-17
elloT/URLLC work.
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Figure 3 Alt. 1 of Rel-17 UCI multiplexing flow

In a first alternative (Alt. 1 as shown in Figure 3), only Step 3 in Figure 2 is replaced by new rules for inter-physical
layer priority UCI multiplexing. It seems much complexity can arise with Alt. 1, and 4 examples (Case 1- Case 4) are
provided below.
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case 1 case 2
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case 3 case 4
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LP PUCCH-1 | | LP PUCCH-1 |
Pre-MUX
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HP with UCI » |HP PUCCH-4 HP with UCI » |HP PUSCH-5
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LP with UCI LP w/o UCI LP with UCI LP w/o UCI
PUCCH-2A PUCCH-3A PUCCH-2A PUSCH-3A

HP PUCCH-1A

Figure 4 Problematic cases with Alt. 1

* InCasel:

. two HP PUCCHs (two HP PUCCH resources Z, which do not overlap with any HP PUSCH, PUCCH-2
and PUCCH-4 survive PUSCH multiplexing) overlap with a LP PUCCH ( a PUCCH resource Z, which
does not overlap with any LP PUSCH, i.e. PUCCH-1 survives PUSCH multiplexing).

e One possible rule is that LP UCI is multiplexed over the latest HP PUCCH. However, as the combined HP
& LP UCI bits may exceed the capacity of PUCCH-4, it may result in choosing another HP PUCCH (4A)
for multiplexing. However, allowing HP PUCCH to move around can be problematic:

*  PUCCH-4A may overlap with a HP PUSCH now, which would lead re-run PUSCH multiplexing
procedure (Step 2 in Figure 3).
* Incase 2/3/4:
When there are two choices for UCI multiplexing (PUCCH-2 or PUSCH-5), from the point of view of LP UCI,
which one should be chosen becomes a question.

With the proposed flow, Case 1 can still arise, hence it is necessary to develop rules to handle case 1. It may be possible
to include all PUCCHps, irrespective of their physical layer priorities, in Set Q, as proposed by some companies. Essentially
the Rel-15 Q set to PUCCH resource Z procedure is modified to support inter-physical layer priority multiplexing.
However, handling of PUCCH with LP CSI only and PUCCH with HP CSI only may arise quite early on in the
multiplexing process, which can be avoided if LP PUCCH carrying the LP CSI (one of the LP PUCCH resource Z) and
HP PUCCH carrying the HP CSI (one of the HP PUCCH resource Z) don’t overlap. Also considering the interaction
between the inter-physical layer priority multiplexing feature and the simultaneous PUCCH/PUSCH transmission feature,
if HP UCIs can be carried on one carrier, and LP UCIs can be carried on another carrier, it is beneficial to support Rel-17
inter-physical layer priority multiplexing as an add-on to the Rel-16 UCI multiplexing procedure, which handles PUCCH
multiplexing separately for different physical layer priorities. From these considerations, we propose to consider the
processing flow in Figure 5.

Note in Rel-16, periodic CSI over PUCCH and semi-persistent CSI over PUCCH are both at LP, hence they won’t appear
in the HP PUCCH multiplexing flow. Considering Rel-17 URLLC CSI feedback enhancement is still under discussion,
we can include its potential presence in the processing flow (marked in yellow in the flowchart). PUSCH(s) with SP-CSI
is of LP in the Rel-16 URLLC design. Also out of the consideration of Rel-17 URLLC CSI feedback enhancement, we
consider PUSCH(s) with SP-CSI can be associated with HP in Rel-17 (also marked by yellow in the flowchart).

Some considerations on Alt. 2 as shown in Figure 5 are provided below:

*  Consider it is not desirable to re-run PUSCH UCI multiplexing (Step 2 in Figure 3), it is important PUSCH
UCI multiplexing at each priority is executed at most once, PUCCHs should be frozen when PUSCH UCI
multiplexing starts.

*  To achieve that, the UCI multiplexing flow from Rel-16 is changed by introducing “inter-physical layer
priority PUCCH multiplexing” between regular PUCCH resource Z generation and PUSCH multiplexing (we
call this “modified procedure for {Set Q —> resource Z}”

With the proposed flow, overlapping of PUCCHs at different priorities are handled already:
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e The output of the procedure may generate a number of LP PUCCHs and a number of HP PUCCHs
(i.e. no overlapping HP/LP PUCCHs in Set Q from the very beginning), there is no overlap among
them.

e Just as in regular {Set Q —> Resource Z} procedure, no overlapping among PUCCHs is used as the
stop criterion.
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generation of
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DG HARQ overriding rule (N3)
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I SPS HARQ PUCCH configuration

1
1
1
i
1
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1
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Low priority PUCCHs prior
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Step 1B: UCI {}
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Figure 5 Alt. 2 of Rel-17 UCI multiplexing flow

Now more details are provided for Alt. 2:
e Alt. 2A: modifying the 38.213 Set Q —> PUCCH resource Z procedure:
o Scan HP PUCCHs according to starting symbols:
= For the earliest starting HP PUCCH (PUCCH-A):
e Collect overlapping PUCCHs
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e  Perform inter-L1 priority multiplexing which may result in a HP PUCCH (PUCCH-
A’) different from PUCCH-A
= Insert the new HP PUCCH (PUCCH-A’) back to Set Q.
=  Repeat the above procedure until there is no overlap among PUCCHs.

select the LP PUCCH with HARQ-ACK (or {HARQ-ACK, SR}, or {HARQ-ACK, SR and CSI}) if any for UCI
multiplexing

If LP PUCCH has more than one UCI type, some can be multiplexed with HP PUCCH, some may be dropped
by design (according to specification. E.g. LP PUCCH HARQ-+CSI, CSI is dropped)

e Alt. 2B: modifying the 38.213 Set Q —> PUCCH resource Z procedure:
o Scan HP PUCCHs according to starting symbols:
= For the earliest starting HP PUCCH (PUCCH-A):

e Collect overlapping PUCCHs

e Perform inter-L1 priority multiplexing, if it may result in a UCI payload which
exceeds the capacity of PUCCH-A, then the LP UCI is discarded (best effort
treatment for LP UCI), alternatively discarding rule is defined in the UCI omission
part, to ensure the capacity of PUCCH-A is never exceeded.

e Repeat the above procedure until there is no overlap among PUCCHs.

We have
Proposal 2-1: Study alternatives with introducing an inter-L1 priority PUCCH multiplexing with PUCCH
resources Z as inputs.

3 PUCCH resource selection

3.1 Review on Rel-15/16 PUCCH resource set selection, PUCCH
resource selection, PRB number adjustment, and CSI omission rule

In both Rel-15 and Rel-16, multiple procedures are involved in PUCCH resource selection and PUCCH resource
size determination. In the figure below, the PUCCH resource set selection, PUCCH resource selection, PRB number
adjustment/interlace number adjustment, and CSI omission are shown.
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resource set selection according to

Oyc (not including CRC bits)

PUCCH resource selection

DCI

PRB number adjustment for PF2 and PF3 considering CRC bits:

1. CRC for HARQ (9.2.3 of TS 38.213) over F2/F3:

CRC is considered;

PRB number adjustment over PF2/F3

2. HARQ+SR (9.2.5.1 of TS 38.213) over PF2/PF3/PF4

CRC is considered

PRB number adjustment for PF2/PF3
3. {HARQ+SR+WB/SB CSI over PF2, or HARQ+SR+WB CSI over PF3/PF4} 9.2.5.2 of tS 38.213:

CRC for Part 1 is considered:

PRB number adjustment for PF2/PF3;

if the max PRB # is used and it is still not enough, omit CSI reports if necessary (note: CSl is part 1

only)

4. HARQ+SR+SB CSl over PF3/PF4, 9.2.5.2 of TS 38.213:
CRC for part 1 and CRC for part 2 are considered;
PRB number adjustement for PF3
if the max PRB # is used and it is still not enough, omit part or all of part 2 first, omit part or all of
part 1 second if necessary.

Figure 6 Rel-15/16 NR design

Example of RRC configuration is shown in Tables to help discussion below.

Table 1 Example of PUCCH resource set configuration

PRI signaling from the latest DL

PUCCH resource PUCCH resource PUCCH resource PUCCH resource
set 0 set 1 set 2 set 3
PUCCH pucch- pucch- pucch- pucch-
resource set ResourceSetId = 0 | ResourceSetId = 1 | ResourceSetId = 2 | ResourceSetlId = 3
index
PUCCH resourcelist resourcelist resourcelist resourcelist
resources in a (011121~-17) (321331~-l39) (4Ol4ll~-l47) (481491~-155)
PUCCH
resource set
maxPayloadSize N, = maxPayloadSize; | N; = maxPayloadSize,
Applicable Oycy < 2 2 <0y =N, N, < Oycr < N; N; < Oy <1706
range

Table 2 Example of PUCCH resources configurations indicated by PRI=0.

PUCCH resource 0 PUCCH resource 32 PUCCH resource 40 PUCCH resource 48
pucch-Resourceld 0 32 40 48
startingPRB 10 0 2 6
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. initialCyclicShift: 6;

. nrofSymbols: 2

. startingSymbolindex
:11

. nrofSymbols: 4

. occ-Length: n4

. occ-Index: n3

. startingSymbolindex
:0

intraSlotFrequencyHoppin enabled enabled enabled

g

secondHopPRB 80 50 76

PUCCH format PUCCH-format0: PUCCH-format4: PUCCH-format2: PUCCH-format3:

. nrofPRBs: = 8
. nrofSymbols: 2

. startingSymbolindex
112

. nrofPRBs: = 10

. nrofSymbols: 4

. startingSymbolindex
19

Table 3 Example of PUCCH resource configurations indicated by PRI =1

. initialCyclicShift: 6;

. nrofSymbols: 2

. startingSymbolindex:
11

. nrofSymbols: 4

. occ-Length: n4

. occ-Index: n3

. startingSymbolindex:
0

. nrofPRBs: = 2

. nrofSymbols: 4

. startingSymbolindex:
7

PUCCH resource 1 PUCCH resource 33 PUCCH resource 41 PUCCH resource 49
pucch-Resourceld 1 33 41 49
startingPRB 11 1 10 16
intraSlotFrequencyHopping enabled enabled enabled
secondHopPRB 81 58 86
PUCCH format PUCCH-format0: PUCCH-format4: PUCCH-format3: PUCCH-format3:

. nrofPRBs: = 8

. nrofSymbols: 5

. startingSymbolindex:
8

Table 4 Example of maxCodeRate configurations at PF2/PF3/PF4 for HP PUCCH-Config

PUCCH-Config (for HP PUCCH)

formatl format2 format3 format4
With PUCCH- interslotFrequencyHopping
FormatConfig, Each additional DMRS
parameter can be maxCodeRate N/A zeroDot(8 zeroDot25 zeroDot15
provided for each nrofSlots
PUCCH format pi2BPSK
separately simultancousHARQ-ACK-CSI

In the example, PUCCH resource 40 and PUCCH resource 41 are under PUCCH resource set 2, note they can
be configured with different maxCodeRate (0.08 and 0.25 respectively in the example).

Comparing Table 4 and Table 5, it is seen also that maxCodeRate for a given PUCCH format can be configured
separately for each PUCCH-Config.

Table S Example of maxCodeRate at PF2/PF3/PF4 for LP PUCCH-Config

PUCCH-Config (for LP PUCCH)

formatl format2 format3 format4
With PUCCH- interslotFrequencyHopping
FormatConfig, Each additional DMRS
parameter can be maxCodeRate N/A zeroDot15 zeroDot35 zeroDot25
provided for each nrofSlots
PUCCH format pi2BPSK
separately simultaneousHARQ-ACK-CSI true true true
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3.2 PUCCH resource set selection procedure

- Input: Oy, maxPayloadSize for the second PUCCH resource set, maxPayloadSize for the third PUCCH resource set

Note: at a given physical layer priority, with PUCCH-Config (i.e. there is one PUCCH-Config for LP
PUCCHSs, and another PUCCH-Config for HP PUCCHs), A UE can be configured with up to 4 PUCCH resource
sets for for UCI feedback including HARQ-ACK in response to a grant based PDSCH or a SPS release.

There are up to 32 PUCCH resources under the first PUCCH resource set, and up to 8§ PUCCH resources
under each of the configured PUCCH resource set. The second and the third PUCCH resource sets can be
configured with a “maxPayloadSize".

Necessary simplification is made to make the NR design easier to understand, the full details can be
found in Clause 9.2.1 of TS 38.213. We denote PUCCH format x as PFx, e.g. PF1 for PUCCH Format 1, PF3
for PUCCH format 3, etc.

- Process (refer to Clause 9.2.1 of T 38.213 for details):
For PUCCH resource set selection, Oy bits (not including CRC bits) is compared with 2, maxPayloadSize for
the 2nd PUCCH resource set, maxPayloadSize for the 3rd PUCCH resource set to select a PUCCH resource set.
Essentially, 2, maxPayloadSize for the 2nd PUCCH resource set, maxPayloadSize for the 3rd PUCCH resource
set and 1706 define 4 ranges of UCI bits: and each range corresponds to a PUCCH resource set.

- Output: selected PUCCH resource set

3.3  PUCCH resource selection procedure
- Input: 1) Selected PUCCH resource set, 2) PRI included a latest DL DCI
- Process: the PRI included the DL DCI is used to select a PUCCH resource within the selected PUCCH resource set.

- Output: selected PUCCH resource

3.4  PRB number adjustment procedure

Since in Rel-15, only PUCCH format 2 and PUCCH format 3 can have more than one PRB, to use PUCCH resource in a
parsimonious a way, the number of PRBs in PUCCH format 2 and PUCCH format 3 can be adjusted according to the
payload size, note the CRC bits are included in the consideration of PRB number adjustment, and further the allowable
PRB number for PUCCH format 3 is limited to a number with prime factor(s) from 2, 3 and 5 as DFT-S-OFDM is used
for PUCCH format 3.

- Input: the configured PRB number of the selected PUCCH resource (if it is at PF2 or PF3), Oy¢y, Ocre, maxCodeRate
according to the PUCCH format of the selected PUCCH resource

Note 1: all PUCCH resources of the same PUCCH format (PF2/PF3/PF4) under the same PUCCH-
Config have the same maxCodeRate in Rel-15/16.

Note 2: Oycr, Ocre consist of two parts if two part CSI is reported. More details are provided in the
next.

- Process: Choose the smallest PRB number which allows transmission of Oyc; + Ocrc With no greater coding rate than

the PUCCH specific maxCodeRate according to the PUCCH format of the selected PUCCH resource. For PF3, the
number of PRBs is restricted to have prime factor(s) out of 2, 3 and 5.
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- Output: NF§<CH (the smallest PRB number meeting the transmission requirement over the selected PUCCH resource

To guide the Rel-17 design, we examine cases in Figure 6 one by one:
e Casel:
o The PRB number adjustment for HARQ-ACK only over PF2/PF3 procedure (Clause 9.2.3 of TS 38.213
v16.4.0) is captured below.
o Forinterlaced transmission of PF2/PF3 as introduced in NR-U, interlace number adjustment is performed
in a similar way to PRB number adjustment.

If a UE transmits a PUCCH with O

ACK

HARQ-ACK information bits and O

CRC

defined in Clause 9.2.5.2. For PUCCH format 3, if M lzgicinH is not equal 2% -3 .5% according to [4, TS

(Opcx +Occ ) > (M o —1)- NEB - ;[niicgu -0, -r, the UE transmits the PUCCH over My ™" PRBs.

sc,ctrl

bits using PUCCH format 2 or
IPUCCH format 3 in a PUCCH resource that includes M I]QECCH PRBs, the UE determines a number of PRBs Az ZUccH

RB,min

for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs

M fI:[BJOCH provided respectively by nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and start from the

PUCCH 7RB PUCCH :
first PRB from the number of PRBs, that results to (OACK + Ocpe ) <M, RB.min 'Nsc,cm . Nsymb-UCI Q1 and, if
PUCCH PUCCH RB PUCCH RB PUCCH
MRB > 1’ (OACK + OCRC) > (MRB,min - 1) Nsc,ctr] : Nsymb-UCI ' Qm v, where Nsc,ctrl 4 Nsymb-UCI’ Qm’ and r arc

38.211], Mlggiqcmﬁ is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

Interlace number adjustment for PF2/PF3 with interlaced transmission as introduced in NR-U.

terlace,0 sc,ctrl ymb-

the first and second interlaces.

If a UE is provided a first interlace of Mﬁ}ﬁecg;*ce,o PRBs by interlace0 in InterlaceAllocation and transmits a PUCCH

with Opck HARQ-ACK information bits and Ocg¢ bits using PUCCH format 2 or PUCCH format 3, the UE transmits
the PUCCH over the first interlace if (Oyck + Ocrc) < Mioosile o - NXB - NEUGCH . - @, - 75 otherwise, if the UE is

provided a second interlace by interlacel in PUCCH-format2 or PUCCH-format3, the UE transmits the PUCCH over

o (Case?2:

o The PRB number adjustment procedure for HARQ-ACK+SR (Clause 9.2.5.1 of TS 38.213) over PF2/PF3 is
given below.

If a UE transmits a PUCCH with 0, HARQ-ACK information bits, Oy, =[log,(K +1)] SR bits, and O, CRC
bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes M, II;LBJOCH PRBs, the UE

determines a number of PRBs A Rpgff; 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 nrofPRBs in PUCCH-format2  or nrofPRBs in
\IPUCCH-format3 and starts from the first PRB from the number of PRBs, that results to

PUCCH /RB PUCCH . PUCCH
(OACK + O + OCRC)S Mg min “Neent " Ngmover O T and, if My~ >1,

PUCCH RB PUCCH RB PUCCH .
(OACK + OSR + OCRC)> (MRB,min _1)' Nsc,ctrl 'Nsymb-UCI ’ Qm -r, where Nsc,ctrl > Nsymb-UCI d Qm> and 7* are defined in

Clause 9.2.5.2. For PUCCH format 3, if M S is not equal 2% -3 -5% according to [4, TS 38.211],

M oSS s increased to the nearest allowed value of nrofPRBs for PUCCH-format3 [12, TS 38.331]. If

(OACK + OSR + OCRC ) > (Mﬁgm - 1)' NRB

sc,ctrl

Nomover @, -1 » the UE transmits the PUCCH over the MPUCH pRE,

o Forinterlaced transmission of PF2/PF3 as introduced in NR-U, interlace number adjustment is performed
in a similar way to PRB number adjustment.
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If a UE is provided a first interlace of Mﬁggffce,o PRBs by interlace0 in InterlaceAllocation and transmits a PUCCH

with Oack HARQ-ACK information bits, Osg = [log,(K + 1)] SR bits, and Ocgc CRC bits using PUCCH format 2
or PUCCH format 3, the UE transmits the PUCCH over the first interlace if (Opck + Osgr + Ocre) < Mﬁ}t]grclyce,o .
Newbirl - Negnsvict - @m - 73 otherwise, if the UE is provided a second interlace by interlacel in PUCCH-format2 or
\IPUCCH-format3, the UE transmits the PUCCH over the first and second interlaces.

e (Case3:
o For {HARQ-ACK+SR+WB/SB CSI over PF2, or HARQ-ACK+SR+WB CSI over PF3/PF4}, Clause 9.2.5.2 of TS

38.213, the description is more complex than Case 1 and Case 2.
First, parameters/notations are defined in Clause 9.2.5.2, which are common for Case 3 and Case 4. Note

»  Ocg and Ocgc consist of two parts;
= r is the maxCodeRate associated with the PUCCH format of the selected PUCCH resource.

O
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IA UE is configured by maxCodeRate a code rate for multiplexing HARQ-ACK, SR, and CSI report(s) in a
IPUCCH transmission using PUCCH format 2, PUCCH format 3, or PUCCH format 4.

If a UE transmits CSI reports using PUCCH format 2, the UE transmits only wideband CSI for each CSI report
[6, TS 38.214]. In the following, a Part 1 CSI report refers either to a CSI report with only wideband CSI or to a

Part 1 CSI report with wideband CSI and sub-band CSI.
Denote as

- O, atotal number of HARQ-ACK information bits, if any

- Oy atotal number of SR bits. O,, =0 if there is no scheduling request bit; otherwise,
O = |_10g2 (K + 1)-| as described in Clause 9.2.5.1

N
- Oy = Z(ocsppam o+ Ocst_pari "), where OCSI_pam’n is a number of Part 1 CSI report bits for CSI report
n=1

with priority value 7, Ocg up, 18 @ number of Part 2 CSI report bits, if any, for CSI report with

priority value n [6, TS 38.214], and Né"srfl is a number of CSI reports that include overlapping CSI
reports

- Ocre =Ocrecsipart T Ocre csipar s Where: Ocge g o 18 @ number of CRC bits, if any, for encoding

HARQ-ACK, SR and Part 1 CSI report bits and Ocgc csppare 15 @ number of CRC bits, if any, for
encoding Part 2 CSI report bits

In the following
- ¥ isacode rate given by maxCodeRate as in Table 9.2.5.2-1.

- M }};gOCH is a number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH format 4,
respectively, where A7FI““" is provided by nrofPRBs in PUCCH-format2 for PUCCH format 2 or by
nrofPRBs in PUCCH-format3 for PUCCH format 3, and MIIZECCH =] for PUCCH format 4

- NI =NZEXP—4 for PUCCH format 2 or, if the PUCCH resource with PUCCH format 2 includes an

sc,ctrl

orthogonal cover code with length N;JFUOCH’Z provided by occ-Length, Ni‘im = (NiB - 4)/ NS"FUCCH’2 ,
NEP = NZXP for PUCCH format 3 or, if the PUCCH resource with PUCCH format 3 includes an

sc,ctrl
PUCCH3 _ A/RB / \7PUCCH3
Ngr = NP /NE ,and

provided by occ-Length, NX°

orthogonal cover code with length ool

NRB

sc,ctrl

[4, TS 38.211]

= NS‘ZB N;EJCCH"‘ for PUCCH format 4, where NiB is a number of subcarriers per resource block

- Ngmoucr s equal to a number of PUCCH symbols NI for PUCCH format 2 provided by

nrofSymbols in PUCCH-format2. For PUCCH format 3 or for PUCCH format 4, ngllfi(_:llfa is equal to a

number of PUCCH symbols NSI;L;(;CHJ for PUCCH format 3 or equal to a number of PUCCH symbols
NPUCCH4 for PUCCH format 4 provided by nrofSymbols in PUCCH-format3 or nrofSymbols in PUCCH-

symb
format4, 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]

- 0, =1 ifpi/2-BPSK is the modulation scheme and Q =2 if QPSK is the modulation scheme as indicated
by pi2BPSK for PUCCH format 3 or PUCCH format 4. For PUCCH format 2, =2

PRB number adjustment/interlace number adjustment (highlighted in yellow) and CSI omission rules (highlighted in cyan)
are described in Clause 9.2.5.2:
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If a UE has HARQ-ACK, SR and wideband or sub-band CSI reports to transmit and the UE determines a PUCCH
resource with PUCCH format 2, or the UE has HARQ-ACK, SR and wideband CSI reports [6, TS 38.214] to transmit
and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last of a
number of DCI formats with a value of a PDSCH-to-HARQ feedback timing indicator field, if present, or a
value of dI-DataToUL-ACK, or dI-DataToUL-ACK-r16, or dl-DataToUL-ACKForDCIFormat! 2, indicating a

same slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK
transmission, and

- the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for OUCI UCI bits

and

- if (Opek + Osp + Oyt + Ocre.cstpar )< MESC - NFB L NFUSH .0 ., the UE transmits the HARQ-ACK,

symb

SR, and CSI reports bits by selecting the minimum number M RPE%CE of the M, I}:EOCH PRBs satisfying

(OACK +Oq + OCSI-partl + OCRC,CSI-partl )S M Il:g?ncf -Nifm -N:;gicga -Q, -r asdescribed in Clauses 9.2.3 and
9.2.5.1;

- else,
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[f a UE is provided a first interlace of M&[tjecrclyce,o PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,
SR and wideband or sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format
2, or the UE has HARQ-ACK, SR and wideband CSI reports to transmit and the UE determines a PUCCH resource
with PUCCH format 3, where

and

the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI
formats with a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the
PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

the UE determines the PUCCH resource set as described in Clauses 9.2.1 and 9.2.3 for Oy UCI bits

if (Oack + Osr + Ocsi—partt + Ocre.csipart) < Miiataeso - Nessut - Nagmpict © @ - 7, the UE transmits the
HARQ-ACK, SR, and CSI reports bits in a PUCCH over the first interlace

else, if the UE is provided a second interlace of Mﬂ%ﬁgg,l PRBs by interlacel and if (OACK + Ogr +

Ocsi—partt + Ocre.csipart ) S (Miistaeeo + Mivisiate1) - Nyt - Noobter - @ - 7, the UE transmits the HARQ-
ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces

else, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing
MEFCM with MESCR o, or, if the UE is provided interlacel, by M o + Miisiss -

Case 4:

o The text for HARQ-ACK+SR+SB CSl over PF3/PF4, Clause 9.2.5.2 of TS 38.213, is captured below.
o Note the parameters are defined in the text excerpt under Case 3:
®  O¢g and Ogpc consist of two parts;
= r isthe maxCodeRate associated with the PUCCH format of the selected PUCCH resource.
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If a UE has HARQ-ACK, SR and sub-band CSI reports to transmit and the UE determines a PUCCH resource with
PUCCH format 3 or PUCCH format 4, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field [5, TS 38.212] in a last of a
number of DCI formats with a value of a PDSCH-to-HARQ feedback timing indicator field indicating a same

slot for the PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission,
and

- the UE determines the PUCCH resource set as described in Clause 9.2.1 and Clause 9.2.3 for O, UCI bits

and

- if (OACK +Ogg + Ocg + Ocpe ) < Mgy NS, -N;Eic&l -Q, -1, the UE transmits the HARQ-ACK, SR and
the NS2' CSIreport bits by selecting the minimum number Mo of PRBs from the Mgy " PRBs

RB,min
satisfying (OACK +Ogg +Ocq + OCRC)S M ggilcf -N::’Em 'N;Iig.cga -Q,,-r asdescribed in Clauses 9.2.3 and
9.2.5.1

- else,
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In Rel-16, interlaced transmission of PUCCH is supported from the NR-U work item. For interlaced transmission of PF3,
the interlace number adjustment and CSI omission are captured below:

and

[f a UE is provided a first interlace of M taiieeo PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK,
SR and sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format 3, where

the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI
formats that have a value of a PDSCH-to-HARQ feedback timing indicator field indicating a same slot for the
PUCCH transmission, from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and

the UE determines the PUCCH resource set as described in Clauses 9.2.1 and 9.2.3 for Oy UCI bits

if (OACK + OSR + OCSI + OCRC) < M{:]Ltlle(r:lggjo . Nslé,l?:trl . NsPle{‘l%F[}T_ICI . Qm T, the UE transmits the HARQ-ACK, SR
and the NS CSI report bits in a PUCCH over the first interlace

else if the UE is provided a second interlace of M&%ﬁg&l PRBs by interlacel and if (Opck + Osg + Ocsp +

Ocre) < (Miisieto + Miisisen1) - N8B - Ngmoocr - @m - 7, the UE transmits the HARQ-ACK, SR, and CSI
reports bits in a PUCCH over both the first and second interlaces

else, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing
MERCCH with M}:}feﬁgg’o, or, if the UE is provided interlacel, with Mﬁ%ﬁg&o 4F Mﬂ%ﬁ?ﬁg,l.

From the review, we have

Observation 3-1: in Rel-16, for PRB number adjustment/interlace number adjustment, the configured PRB
number of the selected PUCCH resource (if it is at PF2 or PF3), Oy, Ocgc, maxCodeRate according to the
PUCCH format of the selected PUCCH resource, Oycy, Ocrc, maxCodeRate according to the PUCCH format of
the selected PUCCH resource are used as inputs, and the same coding rate is used for two CSI parts.

3.5 CSI omission procedure

- Condition for applying CSI omission:

* Omission Case 1: If CSI consists of WB CSI or Part 1 only, CSI omission is performed for Part I fora PUCCH
resource at PF2/PF3/PF4. The priority value formula in Clause 5.2.5 in TS 38.212 is used.

* Omission Case 2: If CSI consists of two Parts, then CSI omission is performed for Part I and Part II for a
PUCCH resource for PF3/PF4. The priority value formula in Clause 5.2.5 in TS 38.212 is used, and Table
5.2.3-1 Priority reporting levels for Part 2 CSI, Clause 5.2.3 of TS 38.212 is used.

- Input: selected PUCCH resource (if it is at PF2 or PF3, PF4), Oy, Ocrc, maxCodeRate according to the PUCCH
format of the selected PUCCH resource

- Process:

* For Omission case 1: discard Part 1 of CSI report(s) until the the remaining payload and its corresponding
CRC bits can be transmitted with no greater a coding rate than the PUCCH format specific maxCodeRate according to
the PUCCH format of the selected PUCCH resource.

* For Omission case 2: discard Part 2 of CSI report(s), and if necessary, Part 1 of CSI report(s) until the the
remaining payload and its corresponding CRC bits can be transmitted with no greater a coding rate than the PUCCH
format specific maxCodeRate according to the PUCCH format of the selected PUCCH resource.
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- Output:

* For Omission case 1: Négforted (the number of CSI reports surviving CSI omission).

o reported
* For Omission case 2: NCSf—partZ

number of CSI reports with un-omitted CSI part 1 when part 2 of all CSI reports are omitted.

(the number of CSI reports with un-omitted CSI part 2) or Né;f’_();;‘sl (the

For omission of Part II of CSI reports, the following two conditions are used in TS 38.213:

reported
N, Ntotal
CSI-part2 PUCCH RB PUCCH CsI
Zn=1 OCSprartZ,n + OCRC,CSprartZ,N < (MRB ’ Nsc,ctrl ) NsymbeCI - [(OACK + OSR + Zn=1 OCSprartl,n + OCRC,CSprartI) /(Qm . T)]) : Qm ‘T
reported
0 +1 Ntotal
CSI-part2 PUCCH RB PUCCH CSsI
Zn=1 OCSprartZ,n + OCRC,CSprartZ,NJrl > (MRB ) Nsc,ctrl : NsymbeCI - [(OACK + Osg + Zn=1 OCSprartl,n + OCRC,CSprartI) /(Qm : T)]) Qum-r

Those two conditions can be reformulated as

reported
Near o Ntotal
CSI-part2 CSI PUCCH RB PUCCH
(Zn=1 OCSprartZ,n + OCRC,CSprartZ,N> /(Qm : T‘) + [(OACK + OSR + Zn=1 OCSprartl,n + OCRC,CSprartl) /(Qm : T)] < MRB : Nsc,ctrl : NsymbeCI
Nreported +1 total
Csl-part2 Ncsi PUCCH , \yRB PUCCH
(Zn=1 OCSprartZ,n + OCRC,CSprartZ,NJrl /(Qm . T) + [(OACK + OSR + Zn=1 OCSprartl,n + OCRC,CSprartl) /(Qm . T)] > MRB : Nsc,ctrl : NsymbeCI

From the reformulated conditions, it can be seen roughly the same coding rate is required for part I and part II.

Observation 3-2:for CSI omission, selected PUCCH resource (if it is at PF2 or PF3, PF4), Oyc;, Ocgre»
maxCodeRate according to the PUCCH format of the selected PUCCH resource are used as inputs, the same
coding rate is used for two CSI parts.

4 PUCCH resource set selection in Rel-17

From the previous review on Rel-16 design, it can be seen that 1) the coding rate of UCI payload plus CRC bits is not a
factor considered in PUCCH resource set selection, 2) all PUCCH resources of the same PUCCH format (PF2 or PF3 or
PF4) under the same PUCCH-Config have the same maxCodeRate in Rel-15/16.

Considering a key motivation to support separate encoding is to provide differentiated protection to HP HARQ-ACK and
LP HARQ-ACK. With that, g; HP HARQ-ACK pluse q, LP HARQ-ACK can require very different PUCCH resource
in terms of number of coded bits compared to the case with g, HP HARQ-ACK plus g; LP HARQ-ACK. Hence the
coding rates for them should be reflected in PUCCH resource set selection.

PUCCH resource set selection Alt. 1:

For PUCCH resource set selection, the following can be considered:
Ocombined = OUCI—partl + OUCI—partZ ' 7"1/7.2'
where 7; is the maximum coding rate for UCI part I, and 7, is the maximum coding rate for UCI part II.

With the revised metric to look up PUCCH resource set, it is also clarified in Rel-17 the maxPayloadSize under
PUCCH — ResourceSet corresponds to one of the configured coding rates, e.g. ;.

PUCCH resource set selection Alt. 2:

It is also possible to treat the configuration PUCCH resources/PUCCH resource sets as with a reference coding
rate, e.g. Tyer, then depending on some condition(s), ; and r,, are determined (e.g. r; and r, can be loaded with different
values, e.g. depending on UCI combination, PUCCH format, number of PRBs in the PUCCH resource, PUCCH resource
set, etc.), and assume the required numbers of coded bits don’t exceed the number of coded bits available at the PUCCH,
ie.

1 1 1
OUCI—partl ; + OUCI—partZ ' E < Mrefaﬂ
where M, is the maximum number of UCI bits supported over PUCCH resource set j, e.g. M. is 2, N, =
maxPayloadSize,;, N; = maxPayloadSize,, 1706. Alternatively, M,.r can be configured for all or some PUCCH

resource set(s).
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Tref

Ocombined = OUCl—partl T:_:f + OUCI—partZ : ry !
is used to look up a PUCCH resource set.
In one choice, the reference coding rate is configured for all or some PUCCH resource set(s).
In another choice, the reference coding rate is an order statistics of the maxCodeRate for PUCCH resources under a
PUCCH resource set or PUCCH formats for PUCCH resources under a PUCCH resource set. In one example, the
reference coding rate is the minimum/maximum/second smallest/second largest/... of all the maxCodeRate for PUCCH

resources under a PUCCH resource set or PUCCH formats for PUCCH resources under a PUCCH resource set.

Then a generic formulation can be given as

Ocombined = OUCI—partl/rl + OUCl—partZ/rZ'
where 771 = rl/rref: 7~'2 = rZ/rref‘

For both alternatives, O.ompineq 18 checked with the range [1,2], [3, N;], (N,, N3], (N5, 1706] for PUCCH resource set
selection.

4.1 Determination of r; and 7,
Now Multiple options are provided for determining r; and 7;:
Option 4-1) ; and 1, can be configured for UCI Part 1 and UCI part 2 under the high priority PUCCH-Config;

Option 4-2a) r; and 1, can be configured for UCI Part 1 and UCI part 2 for a PUCCH resource Set under the high priority
PUCCH-Config; different PUCCH resource Sets may have different pairs of 7 and 7,;

Option 4-2b) r; and 1, can be configured for UCI Part 1 and UCI part 2 for a PUCCH format under the high priority
PUCCH-Config;

Option 4-2¢) r; and 1, can be configured for UCI Part 1 and UCI part 2 for a PUCCH resource under the high priority
PUCCH-Config;

4.2 Summary

We have
Proposal 4-1: O ompinea = Ouci-part1 + Ouci-partz - T1/T2 is used for PUCCH resource set selection.

5 Rel-17 PRB number adjustment/interlace number adjustment
design

5.1 PRB number adjustment

In Rel-15, PRBs for a PUCCH are contiguous in the frequency domain. In Rel-16, under NR-U (NR Unlicensed
Spectrum Access), interlaced transmission of PUCCH where PRBs for a PUCCH may not be contiguous. When two
interlaces are configured for PUCCH for unlicensed spectrum access, the PRBs under one PUCCH may actually be
contiguous if both interlaces are utilized. However, the resource adjustment is at interlace level, which is different from
the PRB number adjustment as specified in Rel-15.

In Clause 9.2.5.2 of TS 38.213 (v16.5.0), two conditions (trigger condition & stop condition) are used for PRB
number adjustment:
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If (Oack + Osg + Ocsp + Ocre) < M;P;IBJCCH . NslzitrleP;r[gr?tgflUCI *Qm * T, the UE transmits the

HARQ-ACK, SR and the N2t CSI report bits by selecting the minium number MES G of PRBs from the MRy " PRBs

RB,min
satifying (Oack + Osg + Ocsi + Ocre) < MEponin - NevetriNeyosiouct - @ - 7 as described in Clasuses 9.2.3 nand 9.2.5.1

According to the notations established in Clause 9.2.5.2 of TS 38.213,

total

— vNesi .
* OCSI = Zn=1 (OCSI—partl,n + OCSI—partZ,n)a where OCSI—partl,n is a number of Part 1 CSI

reports bits for CSI report with priority value n, Ocgi—_part2,n 18 @ number of Part 2 CSI report bits, if any, for CSI report
with priority value n [6, TS 38.214], and N{2i?! is a number of CSI reports that include overlapping CSI reports.

* Ocrc = Ocre,csi-part1 T Ocre,csi-partz> Where Ocre,csi-partr is @ number of CRC bits, if any, for
encoding HARQ-ACK, SR and Part 1 CSI report bits and O¢gg,csi-part2 18 @ number of CRC bits, if any, for encoding
Part 2 CSI report bits.

Then the condition to trigger PRB number adjustment in Rel-16 can be reformulated as
total Né%tlal

N
(OACK + OSR + ansll OCSI—partl,n + OCRC,CSI—partl)/(Qm : T) + (Zn=1 OCSI—partZ,n +

Ocre,csi-part2)/(Qm - 7) < MEY ccH . Ns%itrleP;rIgSSEIUCIa essentially the sum of the number of modulation

symbols required for UCI Part I and the number of modulation symbols frequired for UCI Part II does not exceed exceed
the number of modulation symbols with the maximum available number PRBs on the selected PUCCH.

We propose to consider different coding rates for UCI Part I and UCI Part II in Rel-17 for PRB number adjustment.

Then for Rel-17 design, the condition to trigger PRB number adjustment can be given by

N{J()ctlalpartz Nltl(}:tla—lpartl PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,UCprartZ /(Qm : rZ) + Zn:l OUCprartl,n + OCRC,UCprartl /(Qm : rl) < MRB : Nsc,ctrl : NsymbeCI

And similarly, the stop condition for PRB number adjustment can be modified in Rel-17 as follows:

Nfloctla—lpartz Nltjoctla—lpam PUCCH RB,min PUCCH
(Zn=1 OUCprartZ,n + OCRC,UCprartZ /@Qn 1) + Zn:l OUCprartl,n + OCRC,UCprartl /(Qm : rl) = MRB,min ) Nsc,ctrl : Nsymb7UCI

5.1.1 Multiplexing of different UCI parts on the same modulation symbol

In Rel-15/16, CSI parts are not multiplexed on the same modulation symbol.
In Rel-17, even though logically it is also possible to allow different UCI parts to be carried on the same
modulation symbol, it is good to keep the same design principle such that different UCI parts are not multiplexed on the

same modulation symbol.

To be more consistent with the UCI omission rules to be discussed in the next, the condition for PRB number
adjustment, can be tightened a little bit by taking the ceiled value of the second item:

N{J()ctlalpartz Nltj‘)ctlalparc1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,UCprartZ /(TZ) + [ Zn:l OUCprartl,n + OCRC,UCprartl /(rl)] < MRB ) Nsc,ctrl : NsymbeCI : Qm

And the stop condition for PRB number adjustment can be modified in Rel-17 as follows:

Nfloctla—lpartz Nltjoctla—lpam PUCCH RB,min PUCCH
(Zn=1 OUCprartZ,n + OCRC,UCprartZ /() + | Zn:l OUCprartl,n + OCRC,UCprartl /(rl)] =< MRB,min : Nsc,ctrl : Nsymb7UCI “Qm

5.2 Interlace number adjustment

For interlace number adjustment, instead of performing PRB number adjustment for potentially many PRB number
candidates, only two PRB number candidates are examined: one corresponds to the number of PRBs in the first interlace,
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another corresponds to the number PRBs in the first and second interlace. The same consideration provided in the previous
section applies.

Further details can be found below:

If a UE is provided a first interlace of Mﬂ%ﬁgg’o PRBs by interlace0 in InterlaceAllocation, the UE has HARQ-ACK, SR
and wideband or sub-band CSI reports to transmit, and the UE determines a PUCCH resource with PUCCH format 2, or
the UE has HARQ-ACK, SR and wideband CSI reports to transmit and the UE determines a PUCCH resource with
PUCCH format 3, or the UE has HARQ-ACK, SR and sub-band CSI reports to transmit, and the UE determines a

PUCCH resource with PUCCH format 3, where

- the UE determines the PUCCH resource using the PUCCH resource indicator field in a last of a number of DCI formats
with a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission,
from a PUCCH resource set provided to the UE for HARQ-ACK transmission, and after the UE determines the PUCCH
resource set

- if
total

Nllj)éall—pa 2 NUCI-partl PUCCH
(Zn=1 " OUCI—parlZ,n + OCRC,UCI—parIZ /(Qm ' 7"2) + [ Zn:l OUCI—partl,n + OCRC,UCI—partl /(Qm : TI)] < MInterlace,O '

RB NPUCCH
scetrl symb-UCI»

the UE transmits the HARQ-ACK, SR, and CSI reports bits in a PUCCH over the first interlace

- else, if the UE is provided a second interlace of Mﬂﬁ‘,‘fi,l PRBs by interlacel and if

NS par2 NEE partt PUCCH
(Zn=1 - OUCI—parlZ,n + OCRC,UCI—parIZ /(Qm ' 7"2) + [ Zn:l e OUCI—partl,n + OCRC,UCI—partl /(Qm : TI)] < (Mlmerlace,O +

PUCCH RB PUCCH
MInterlace,l ' Nsc,ctrl * Nsymb-UCI»

the UE transmits the HARQ-ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces
- else, the procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing
MEVCCH with Mﬁltjegﬁg’o, or, if the UE is provided interlacel, by MPaSeH 4 MPUCCH

nterlace 0 nterlace,1 *

A joint PUCCH resource set selection and PUCCH resource selection can be also conducted.

5.3 Summary
In this section, we treat PRB number adjustment in Rel-17. We have
Proposal 5-1: considering coding rates of UCI parts in the PRB number adjustment/interlace number

adjustment.

Proposal 5-2: The condition to trigger PRB number adjustment is given by

A

NigtL iotal
part2 UCI-part1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,Ulepartz /(Qm : TZ) + Zn=1 OUlepartl,n + OCRC,Ulepartl /(Qm ’ T1) = MRB : Nsc,ctrl : NsymbeCl

And the stop condition for PRB number adjustment is as follows:

PUCCH RB,min PUCCH
MRB,min : Nsc,ctrl : Nsymb7UCl

IA

N pare2 N parts
(Zn=1 P OUCprartZ,n + OCRC,Ulepartz /(Qm : TZ) + Zn=1 P OUlepartl,n + OCRC,Ulepartl /(Qm ’ T1)

6 Omission rules in Rel-17

6.1 Design for UCI omission
Assume different coding rate targets for UCI part I and UCI part 11, instead of a single coding rate target r, we

have r; for the maximum coding rate for UCI part I, r, for the maximum coding rate for UCI part II, the following
conditions are used for UCI omission:
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reported total
N,

UCI-part2 UCI-part1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,UCprartZ,N) /(Qm : rZ) + [(Zn=1 OUCprartl,n + OCRC,UCprart1> /(Qm : 7"1)] < MRB ) Nsc,ctrl : NsymbeCI
N parta+1 NG party PUCCH . \RB PUCCH

—par —par
Zn:l OUCprartZ,n + OCRC,UCprartZ,NJrl /(Qm : TZ) + [(Zn=1 OUCprartl,n + OCRC,UCprarﬂ) /(Qm : 7"1)] > MRB ) Nsc,ctrl : NsymbeCI

If all UCI part II is dropped, then the the following is examined to determine remaining UCIs in UCI part I:

reported

NUCI—partl
z OUCprartl,n + OCRC,UCprartl,,N /(Qm : 7"1) < MIEECCH ’ Nslggctrl ) Nspylir(l:bCEUCI
n=1
Ui part t1
z OUCprartl,,n + OCRC,UCprartl,N+1 /(Qm : rl) > MIEECCH ’ Nslggctrl ) Nspylir(l:bCEUCI
n=1

6.2 Summary

We have
Proposal 6-1: Consider different coding rates for UCI parts in UCI omission rule.

Proposal 6-2: With two UCI parts, the omission rule is as follows:
the following conditions are used for UCI omission:

reported total
i
UCI-part2 UCi-part1 MPUCCH . \RB NPUCCH
(Zn=1 OUlepartZ,n + OCRC,UCprartZ,N> /(Qm : r2) + [(Zn=1 OUCprartl,n + OCRC,Uleparﬂ) /(Qm ' rl)] < RB " NVscetrl " ¥ symb-UCI

reported

N " Ntotal
UCI-part2 UCI-part1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,UlepartZ,NJrl) /(Qm . TZ) + [(Zn=1 OUCprartl,n + OCRC,Ulepart1> /(Qm : rl)] > MRB : Nsc,ctrl : NsymbeCl

If all UCI part I1 is dropped, then the the following is examined to determine remaining UCIs in UCI part

reported
UCI-partl PUCCH RB PUCCH
(Zn=1 OUlepartl,n + OCRC,UCprartl,,N> /(Qm - T1) < Mgg ) Nsc,ctrl : NsymbeCI
Ny par 1 0 0 MPUCCH | RB PUCCH '
Zn=1 UCI-partl,n + CRC,UCI-part1,N+1 /(@ T1) > RB " Nscetrl * ¥ symb-UCI

7 Ordering of UCIs in UCI part 1 and UCI part 2

Here we consider CSI reporting is for either HP or LP. The order of UCI in a UCI part defines the order by which UClIs
are omitted.

For the case where HP CSI is present:

On UCI part 1:

HP HARQ-ACK (including potentially more than one HARQ codebook), HP SR, HP CSI-Part I

On UCI part 2:

HP CSI-part II, LP-HARQ-ACK, (LP-SR)

Hence on UCI Part 2, (LP-SR) if supported by specification and present, is omitted first, LP-HARQ-ACK
(including potentially more than one HARQ codebook) is omitted second (if more than one HARQ codebook is present,
then the last placed HARQ codebook is omitted/compacted first for example), then HP CSI-part II can be omitted in a
similar way as CSI part II in Rel-16.

For the case LP CSI is present:

On UCI part 1:

HP HARQ-ACK (including potentially more than one HARQ codebook), HP SR, LP CSI-Part I
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On UCI part 2:
LP-HARQ-ACK, (LP-SR), LP CSI-part II

7.1 Discussion on CSI Part I and CSI Part 11

In Rel-15, the introduction of two part CSI feedback was motivated by the payload size variation for the reported rank:
CSI Part I provides sufficient information for gNB to determine the size of CSI part I, so blind detection with respect to
different ranks is avoided. Note in Rel-15, single part CSI reports are included in CSI Part I even though for a single
part CSI report there is no CSI part I in the CSI report. Considering in Rel-17 the coding rate for UCI part I can be
different from that for UCI part II, hence there may be a motivation to move all non-essential UCIs to UCI part I1.
Specifically, if a CSI report consists of a single part, then it can be carried to UCI Part II. However, if the single part
CSI report is at HP, then it may be still desirable to carry the HP CSI report in UCI Part I.

Assume there are cases where the UCI payload may exceed the capacity of a PUCCH, if the following priority rule is
used (note not all UCI types may be present in a particular scenario, nor all the combinations need to be supported by
specification):

HP HARQ-ACK > HP SR > (HP CSI) > LP HARQ-ACK > (LP SR) > (LP CSI)
With the above prioritization rule, then CSI omission rule as captured in TS 38.214 may need to run twice: it is first run
for LP CSI, and after omitting or dropping all LP CSI, LP SR and LP HP-HARQ-ACK, part of HP CSI needs to be
omitted secondly. In Figure 5-14, it shows that the CSI priority rule is applied separately to HP CSI and LP CSI, then
(parts of) CSI reports within H-CSI and CSI reports within L-CSI are separately dropped, so the CSI priority rules are
run twice, one for HP CSI another for LP CSI.
Alternatively, LP CSI is dropped when HP CSI is present to avoid running CSI omission rules twice: there are two
choices: with choice 1, LP CSI is dropped on UCI Part II only, with choice 2, LP CSI is dropped from UCI part I and
UCI I all together. Then for UCI Part II or for both UCI Parts I and II,

when HP CSl is present, only the following UCIs are carried in UCI part I and part II:

HP HARQ-ACK > HP SR > (HP CSI) > LP HARQ-ACK > (LP SR)

When HP CSI is absent, only the following UCIs are carried UCI part I and part II

HP HARQ-ACK > HP SR > LP HARQ-ACK > (LP SR) > LP CSI

H-ACK H-SR H-CsI L-ACK L-SR L-Csl
Priority rule Priority rule

Figure 8-1 separate CSI treatment to physical layer priority
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HP HARQ-ACK LP HARQ-ACK

HP SR N PART | / LP SR
P ® /
HP CSI Part | / LP CSI Part |
PART Il Y
HP CSl part Il — L | LPCSIpartll

Figure 8-2 separate CSI treatment
We have:

Proposal 7-1
when HP CSI is present, only the following UClIs are carried in UCI part I and part I1:

HP HARQ-ACK > HP SR > (HP CSI) > LP HARQ-ACK > (LP SR)
‘When HP CSI is absent, only the following UClIs are carried UCI part I and part IT

HP HARQ-ACK > HP SR > LP HARQ-ACK > (LP SR) > (LP CSI)

8 Solution to fix inconsistent design in PUCCH resource set
selection and UCI omission rule

8.1 Inconsistent design in Rel-15/16

8.1.1 Issuel

It can be seen that in Rel-15/16, PUCCH resource set selection design and CSI omission design are not consistent:
CRC bits are not used in PUCCH resource set selection but CRC bits are considered in the CSI omission rule.

Hence it may happen PUCCH resource set 2 is selected according to Oy bits, then later it is found that CSI
omission is triggered over the indicated PUCCH resource within PUCCH resource set 2; it may happen a counterpart
PUCCH in PUCCH resource set 3 has enough capacity to carry the UCI bits plus CRC bits without triggering CSI
omission. If the CRC bits were considered in the first place in PUCCH resource set selection, then PUCCH resource set
3 could have been selected and then un-necessary CSI omission could be avoided in Rel-15/16.

One could argue such a CSI omission issue does not amount to much problem in Rel-16: as aperiodic CSI can
be also triggered if gNB needs fresh CSI. However, from the agreement reached in RAN1 #104bis-e, LP HARQ-ACK

can be carried over UCI part II, it would be undesirable to drop/or compact LP HARQ-ACK if the inconsistent design
from Rel-15/16 is inherited in Rel-17.

8.1.2 Issue 2

UCI payload’s Coding rate is not a factor in PUCCH resource set, but it is a factor in PRB number adjustment
and CSI omission.

The variation in PUCCH capacity within a PUCCH resource set is not accounted in PUCCH resource set
selection.
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8.2 Joint PUCCH resource set selection and PUCCH resource selection

In Rel-15/16, PUCCH resource takes two steps: in the first step, Oy bits is used to look up a PUCCH resource
set. Actually the capacity of PUCCH resources within a PUCCH resource set varies, e.g. PUCCH-11 and PUCCH-12 are
both under PUCCH resource set 1, but PUCCH-11 supports up to 10 bits for payload while PUCCH-12 supports up to 20
bits, such variation in capacity may not be reflected by the PUCCH resource set’s maxPayloadSize; in the second step,
PRI from a DL DCI is used to select a PUCCH resource within the selected PUCCH resource set in the first step.

From two issues discussed above, and also from the consideration on 7,.o¢ and M. under PUCCH resource set
selection Alt. 2, where additional RRC signaling or rules to determine 7,.o¢ and M,..¢ are needed, a simplified solution is
proposed which does joint PUCCH resource set selection and PUCCH resource selection, and does not require
introduction of new RRC parameters for 1;¢r and M.

A simpler approach, compared to the solution provided in Sections 4 to Section 6, would be to use the PRI to
look up a PUCCH resource matching the PRI from each PUCCH resource set, then among those PUCCH resources with
a capacity no smaller than Oy¢; or Oyc; + Ocgre, then the the PUCCH resource with the least capacity is chosen; in the
case where none of those PUCCH resources has a capacity no smaller than Oy¢; or Oycp + Ocge, then the PUCCH
resource with the largest capacity is chosen.

8.2.1 Joint PUCCH resource set selection and PUCCH resource selection tackling Issue 1 and Issue
2

And for selecting a PUCCH resource from a number of PUCCH resource sets, in each PUCCH resource set, the
PUCCH resource of an index as indicated by the PRI is checked one by one with the following condition:

N partz N pares PUCCH , \/RB PUCCH
[(Zn=1 OUCprartZ,n + OCRC,UCprartZ /(Qm . 7”2)] + [ Zn=1 OUCprartl,n + OCRC,UCprartl /(Qm : 7"1)] < MRB : Nsc,ctrl : NsymbeCI

or

N{J()ctlalpartz Nltjl)ctlalpart1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,UCprartZ /(Qm : rZ) + [ Zn=1 OUCprartl,n + OCRC,UCprartl /(Qm : Tl)] < MRB ) Nsc,ctrl ) Nsymb7UCI

Note in either case, the CRC bit length is considered on PUCCH resource determination. To avoid chicken-egg
problem, it can be also assumed for information bits no smaller than 360, then L=11 is assumed.

8.2.2 Joint PUCCH resource set selection and PUCCH resource selection without tackling Issue 1
and Issue 2

To be more consistent with the Rel-16 design, another choice is to exclude CRC bit length in PUCCH resource
determination and the formulas can be modified by removing Ocrc yci-partz @nd/or Ocgre,uci-part

N partz NG parts PUCCH RB PUCCH
[(anl par OUCI—partZ,n /(Qm : 7'2)] + [ anl - OUCI—partl,n /(Qm : Tl)] < MRB : Nsc,ctrl ' Nsymb—UCI

or

NG part NG parts PUCCH _ n/RB PUCCH
(anl par OUCI—partZ,n /(Qm'rz) + [Zn:1 par OUCI—partl,n /(Qm'rl)] < MRB 'Nsc,ctrl' symb—UCI

From the discussion above, it can be seen with joint PUCCH resource set selection and PUCCH resource selection,
there is no need to introduce PUCCH resource set-specific coding rates for UCI part I and UCI Part II. As in Rel-15/16,
the maxCodeRate is configured per PUCCH format, then the enhancement in Rel-17 can be the introduction of two
maxCodeRates per PUCCH format or per PUCCH resource (i.e. the two options provided in Section 4: 4-2b and 4-2C).

We have

Proposal 8-1: consider joint PUCCH resource set selection and PUCCH resource selection.

Proposal 8-2: if joint PUCCH resource set selection and PUCCH resource selection is supported, r; and r, are
configured per PUCCH format or per PUCCH resource.
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9 Discussion on UCI multiplexing over PUCCH with more than

2 UCI bits

In NR design, UCI multiplexing over PUCCH considers reliability of OFDM symbols in PUCCH, OFDM symbols are
grouped in up to 3 groups, then depending on whether the size of UCI part I and UCI part II, the resources are

sym 6

determined.
sym 0O sym 1 sym 2 sym 3 sym 4 sym 5

15 39 63 87
16 40 64 88
17 41 65 89
18 42 66 90
19 43 67 91
20 44 68 92
21 45 69 93
22 70 94
23 47 71 95
24 48 72 96
25 49 73 97
26 50 98
27 51

| 52
29 53
30 54
31 55
32 56
33 57
34 58
35 59
36 60
37 61
38 62

sym 7

sym 8 sym 9 sym 10 sym 11 sym 12 sym 13
137 161 185 209
138 186 210
139 187 211
140 188 212
141 189 213
142 190 214
143 191 215
144 192 216
145 193 217

146 194 218
147 195 219

Figure 9-1 UCI mapping for UCI part I in Rel-15

group 0

group 2

DMRS

(I
[ erowt
=
I

Given the complex nature of the design, it is not desirable to reopen the design on all fronts, and then Rel-15 design can

be should retained when possible.

Table 6.3.1.4.1-1: Rate matching output sequence length By

ucl(s) for
transr;nlijsg(i?; ona  UCIfor encoding Value of Eyq
HARQ-ACK HARQ-ACK Eyo =Ey
HARQ-ACK, SR HARQ-ACK, SR Ey =E,
csl B
(CSI not of two parts) csl Eyer = By
HARQ-ACK, CSI =
(CS1 not of two parts) | HARQ-ACK, CSl Eyy =E,,
HARQ-ACK, SR, CSI  HARQ-ACK, SR, E  -E
(CSlI not of two parts)  CSI vt tot
csi CSl part 1 Ey = min(Em, KOCS"”‘"' + L)R(,“éf /0, ] 0, J
(CSI of two parts) . o o \
CSl part 2 Ey =Ey = mm(Euuu KOCSI g L) Rici 10, ] 9, )
HARQ-ACK, CSlI E... =min 0" 4 oS L LY R™ 10 0
HARQ-ACK, CSI part 1 uct (Em |( )/ ucl m-l m )
(CSI of two parts) X
CSl part 2 EUCI = Eml _mm(gmu l-(OACK +0O L)/Rl';‘:l‘ /Qm ] Qm )
HARQ-ACK, SR . ACK SR CSl-part] max
ST Ey, =min\E_, |0 +0™ +0 +L)JRG5/0, |0,
HARQ-ACK, SR, csl | CS!part1 v €., l( YRz 1 )
(CSI of two parts) .
CSl part 2 Eyy = Ey -ming,,,. [0* + 0% + 05 L LY R 10, 0, )

In Rel-15:

Figure 9-2 Rel-15 design

e Inno CSI report is not of two parts, UCI multiplexing for HARQ-ACK, SR and CSI are jointly encoded.
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e Ifat least one CSI report is of two parts, then CSI part 2 is separated encoded, and the rest are jointly encoded.

We see the key design principle to follow for Rel-17 URLLC design is to keep the design as close as possible to the
Rel-15 design.

HARQ-ACK

X
SR > PART |
p

Csl Part |

PART I
CSl part |l —

Figure 9-3 UCI mapping over PUCCH for two-part CSI in Rel-15/16

The mapping rules for CSI Part I and CSI part IT over PUCCH are specified in TS 38.212 in Rel-15/16. To facilitate the
discussion in the following, we denote the resources taken by CSI Part I and CSI part I as UCI Part I and UCI part II
respectively. Then by creating mapping rules as proposed subsequently, it is intended to a large degree the mapping
rules for CSI Part I, CSI part II as captured in Clause 6.3.1 of TS 38.212 can be reused for UCI part I and UCI Part II.

Note in Clause 6.3.1.1.3 of TS 38.212, two sequences are defined for the case with two part CSI for the case shown in
the red box in Figure 2:

“If at least one of the CSI reports for transmission on a PUCCH is of two parts, two UCI bit sequences are generated,
o o 0 O ) @ @ @ 0 2
Gy )50y 30y sl gy and Gy 007,05 ,...,a;g,_l,

A(l) — OACK +OSR + OCSI-parll and A(Z) — OCSI-panZ”

according to the following, where

With proposed solutions below, aél),al(”,ag) ,agl),...,a%_l

and a’,a”,a? ,a?....a")

»d ), are populated differently.

Similarly, one UCI bit sequence is generated, for cases shown in the blue box in Figure 2, then the discussion is above
how to populate the UCI bit sequence.

In NR, 5 PUCCH formats are specified, the support of joint encoding and separate encoding of UCIs is shown below.

Table 9-1 Separate encoding and joint encoding with PUCCH formats in Rel-16

PUCCH PUCCH PUCCH
Format 2 Format 3 Format 4
Joint
encoding of X X X
UClIs
Separate
encoding of X X
UClIs

With PUCCH Format 0, joint encoding of HARQ-ACK and SR is supported.

With PUCCH Format 1, channel selection is used in Rel-15/16 to support the signaling of SR and HARQ-ACK, yet on
the PUCCH itself, only HARQ-ACK is carried. Partly for that reason, there has been diverse view to support HP/LP
UCIs over PUCCH Format 1.

Over PUCCH Format 2, two part CSI is not supported in Rel-15, consequently in Rel-15/16, only joint encoding of
UClTs is supported over PUCCH format 2.
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9.1 Separate encoding HP HARQ-ACK and LP HARQ-ACK

With separate encoding, the following mapping can be considered.

HP HARQ-ACK

HP SR

CSl Part |

CSl part 1l

A4

LP HARQ-ACK

PART |

LP SR

PART Il

Figure 9-4 Separate encoding for HP HARQ-ACK and LP HARQ-ACK

As noted previously, in Rel-15 UCI part I and UCI part II roughly have the same coding rate. One argument for separate
encoding is that different coding rates can be applied to HP HARQ-ACK and LP HARQ-ACK.

Note in a particular case or the final design, not all the UClIs are present or can be present. CSI feedback can be assumed
at LP. If Rel-17 inter-L1 priority UCI multiplexing is limited to HARQ-ACK and SR, then CSI part I and CSI part 11
are both absent in the UCI multiplexing as shown in the figure below.

HP HARQ-ACK

HP SR

v

LP HARQ-ACK

PART |

LP SR

PART Il

- —

Figure 9-5 Separate encoding for HARQ-ACK/SR only
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UCI(sL:‘o; !PrlaJrés(r:r:ssion UCI(s) for encoding Value of EUcl
HARQ-ACK, SR Part| HP HARQ-ACK, HP SR EUCI—part] = min(E,,, ((OH_ACK + OH5R L)/r]/Qm] -Q,)
Partl LP HARQ-ACK, (LP SR) Eyci—par = Eror — min(E,yy, [((OF-ACK + OH=SR + 1)/1110,,] - O,)
Part| HP HARQ-ACK, HP SR, (HP CSI E = min(E,, , [(OHACK + OH=SR 4 OH-CSI 4 [)[r / .
HARQ-ACK, SR, CS ° ¢ ) UCI-partl (Eionr [( + + +L)/r/Q,] - Q)
(CSlis at HP)
Partll LP HARQ-ACK, (LP SR) Eycipary = Ejoy — min(E,,, [((OF-ACK 4 OH=SR 4 OH=CSI 4 1)/111Q,,] - O,
Part | HP HARQ-ACK, HP SR, CSl part 1 EUCI—partl = min(E[gp [(OH_ACK + OH—5R + OCSt=part] + L)/rl/Qm] : Qm)
HARQ-ACK, SR, CS|
(CSiI of two parts)
: H-ACK H-SR CSI-partl
Part I LP HARQ-ACK, (LP SRY), CSl part 2 EUCF,,MQ = Em[ - mln(Et(;p [(0 +0 +0 partt 4 L)/Vl/Qm] . Qm)

Figure 9-6(a) UCI mapping for separate encoding of HP/LP HARQ-ACK (1)

UCI(s) for transmission on a PUCCH UCI for encoding Value of EUCI

Part1  HPHARQ-ACK, HP SR = mi H-ACK H-SR .
HARQ-ACK, SR, CSI ar @ EUC[—/)artl - mln(Eml’ [(0 +0 + L)/rI/Qm] Qm)
(CSlis atLP, and it is of a single part) ACK H-SR

Pat2  |LPHARQ-ACK, (LP SR), (LP CSI) EUCI_sz =E,,, — min(E,,, [(O"~ + 0"+ L)/Ir/0,] - 0,)

— ; H-ACK H-SR H-CSI
HARQ-ACK, SR, CSI Part 1 HP HARQ-ACK, HP SR, HP CSI EUCl—parzl - mm(Emt’ [(0 +0 +0 + L)/ F 1/ Qm] : Qm)
(Some CSl is at HP, some CSl is at LP),
SlCSe S cieEhoepart Pat2 | LPHARQ-ACK, (LP SR), (LP CSI — ; H-ACK H-SR H-CSI .
s 3 » ) EUleparz‘Q - Etot B mln(Etat’ [-(0 +0 +0 + L)/rl/Qm-] Qm)

Figure 9-6(b) UCI mapping for separate encoding of HP/LP HARQ-ACK (2)

Proposal 9-1: leverage the Rel-15 design, LP HARQ-ACK is mapped to UCI Part II in separate encoding, adopt
the UCI mapping in Figures 9-6a/9-6b.

At RANI #104bis, the following agreements were agreed:
Agreements:

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when
the total number of LP and HP HARQ-ACK bits is more than 2, support separate coding for the two HARQ-ACKs.

e FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
e (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH

which has HP A/N.
o FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15
for A/N+CSI-1.
o FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for
CSI-2.

As in Rel-15/16, PUCCH Format 2 does not support two part CSI, only joint encoding of UClIs is supported. We have
the following proposal regarding the support of HP HARQ-ACK/LP HARQ-ACK multiplexing over PUCCH format 2:

Generating two encoded sequences for HP-ACK (with r1) and LP-ACK (with r2) separately and then concatenating

. oM 0 (1 1
those two encoded sequences into one encoded sequence af) ),al( ),aé ),a§ ),...,a;ﬂ,_l,

PUCCH Format 2.

UCI mapping is not changed for

We have
Proposal 9-2:
Consider for PUCCH format 2 to support multiplexing of HP UCI(s) and LP UCI(s):
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generating two encoded sequences for HP-ACK (with r1) and LP-ACK (with r2) separately and then
concatenating those two encoded sequences into one encoded sequence, UCI mapping is not changed for
PUCCH Format 2.

10 PUCCH resources for SPS HARQ-ACK

| SPS HARQ H SR | | Csl |

v v v

Multiplexing over PUCCH for CSI report

PUCCHSs for CSI overlap and
UE is configured by multi-
CSI-PUCCH-ResourceList
resource?

yes

Use resource 0

multi-CSI-PUCCH-ResourceList

without PF2/PF3 yes r ! LE
PRB number < resource 0 is sufficient (explicitly
adjustment consdering CRR bits)?

No
Use resource 1
without PF2/PF3 yes multi-CSI-PUCCH-ResourceList
PRB number resource 1 is sufficient (explicitly
adjustment considering CRC bits)?

No

v

drop CSI reports to fit the
payload size. Use it without
PF2/PF3 PRB number
adjustment

Figure 10-1 Feedback resource determination for SPS HARQ-ACK in Rel-15 and Rel-16

* In Figure 10-1, SPS HARQ-ACK only multiplexing over PUCCH for CSI is shown, the flow chart is generated
according to TS 38.213.
e The blue box shows there is no PRB # adjustment for PF2/PF3 when a single CSI report’s PUCCH is selected for

SPS HARQ multiplexing.
*  The yellow box shows there is no PRB # adjustment for PF2/PF3, but CSI omission rules are used.
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SPS HARQ deferral ‘ ‘ SPS HARQ | ‘ SR | ‘ &

v v v v

Multiplexing over PUCCH for CSI report

PUCCH:s for CSl overlap and
UE is configured by multi-
CSI-PUCCH-ResourceList
resource?

No

yes

Use resource 0
with PF2/PF3 PRB yes
number

adjustment

multi-CSI-PUCCH-ResourceList
resource 0 is sufficient (explicitly
consdering CRR bits)?

No

Use resource 1
with PF2/PF3 PRB yes
number

adjustment

multi-CSI-PUCCH-ResourceList
resource 1 is sufficient (explicitly
considering CRC bits)?

No

v

Omit CSl reports /compact
HARQ to fit the payload size.
Use it without PF2/PF3 PRB
number adjustment

Figure 10-2 Proposed design for PUCCH resource determination SPS HARQ-ACK

We can consider a few use cases for SPS HARQ-ACK feedback:
* Usecase I:
« If S/SP CSI targeting URLLC traffic as discussed currently in Rel-17, can be motivated & specified, then
HP S/SP CSI’s PUCCH can be also considered as container for cross-priority HARQ-ACK/SR
multiplexing. In this case, cross-priority HARQ multiplexing over PUCCH for CSI can happen:
+ LP SPS HARQ-ACK + HP S/SP CSI
»  User case 2:
*  Even if S/SP CSl is still always at LP in Rel-17, the payload size range may swing more widely in Rel-17
than in Rel-16, with SPS HARQ-ACK deferral.
*  There is no agreement yet in RAN1 on the PUCCH resource for SPS HARQ-ACK deferral:
*  Several options can be considered:
e DG HARQ-ACK’s PUCCH resource sets/PUCCH resources, but the lack of PRI
indication may make such a design less attractive from network operation of view;
e SPS HARQ-ACK'’s own PUCCH resources, then depending on the
presence/absence of SPS HARQ-ACK (without deferral) and SPS HARQ-ACK with
deferral due on the current slot, the combined payload size can swing widely.
e Dedicated PUCCH resources for SPS HARQ-ACK deferral.

With the considered use cases, we propose to consider the flow chart in Figure 10-2.

*  SPS HARQ deferral is treated as a new input for the UCI multiplexing.

e The blue box can be modified to use CSI omission rules and HARQ compaction rules.
e The yellow box already supports CSI omission rules:
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*  Consider the payload size fluctuation in Rel-17 is much more than in Rel-15, over-provision of PF2/PF3
may be necessary, from that PRB # adjustment may become necessary also as when SPS HARQ-ACK
deferral is not present, the payload can be smaller.

Proposal 10-1: consider PRB # adjustment and CSI omission/HARQ compaction for the PUCCH resource under
multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList.

11 UCI multiplexing over PUSCH

UCI multiplexing over PUSCH in Rel-15 is quite complex already:
e Depending on the number of HARQ-ACK bits, puncturing or rate matching is used for HARQ-ACK bits.
e As PUSCH does not carry SR, the UCI types are limited to HARQ-ACK and CSI. When both HARQ-ACK
and CSI feedback are present, then a three-part UCI multiplexing scheme is used.

Given the complexity of the existing NR design, it is beneficial to reuse the existing design as much as possible. One
can treat the CSI encoding/multiplexing almost as functions in a programming language, then with proper adaption of
the inputs to these functions, the Rel-17 design can be obtained. Note however, some details still need to be worked out.

HARQ-ACK ' Part 0
CSl Part | PART |
CSl part Il : PARTII

Figure 11-1 Mapping of UClIs to 3 parts in UCI multiplexing over PUSCH in Rel-15/16

The mapping rules for HARQ-ACK, CSI Part I and CSI part IT over PUSCH are specified in TS 38.212 in Rel-15/16,
e.g. in Clause 6.2.7 (Data and control multiplexing, TS 38.212).
The inputs to the mapping rules are defined in Clause 6.2.7:

. UL-SCH _UL-SCH _UL-SCH _UL-SCH UL-SCH
“Denote the coded bits for UL-SCH as g, & » &, &3 Y TR

Denote the coded bits for HARQ-ACK or jointly coded bits for HARQ-ACK and CG-UCI when the high layer

S . ACK _ACK _ACK _ACK ACK
parameter cg-UCI-Multiplexing is configured, ifany, as g, , &, ,&, ,& & GACK -
. . CSl-partl _CSl-partl _CSl-partl _ CSl-partl CSl-partl
Denote the coded bits for CSI part 1, if any, as g Y A N &3 P ""’gGCS"l‘J’a“‘—l'
. . CSI-par2 _CSl-par2 _CSl-par2 _CSl-part2 CSl-par2
Denote the coded bits for CSI part 2, if any, as g P g P &, P &3 P o & GCS[E““Z—l'

Denote the coded bits for CG-UCI without HARQ-ACK, if any, as g§¢=UC1, gf@-UCI g8G-UCI gCG-UCl otGobls, .
Denote the multiplexed data and control coded bit sequence as g;,£,,8,,835 8-

ACK

We denote the resources taken by HARQ-ACK and/or CG-UCI ( g, ACK ghcK ACK

ACK
’gl 7g2 7g3 a---,gG/\mg1 or

ACK _ACK _ACK ACK ACK CSl-partl _CSI-partl _CSl-partl _ CSI-partl CSl-partl
8 -8 8 58 »8guex,),CSIPartl(g, '8

s g2 ’ g3 9eeey gGCSI-panl_l) and CSI part 11
(gOCSI-pM 2 1CSI-pm2 '8 2C o 8 3C S s 8 gcsilgiﬁz, 1) as UCI Part 0, UCI Part I and UCI part II respectively. Then by

creating mapping rules subsequently, it is intended to a large degree the mapping rules for HARQ-ACK, CSI Part I, CSI
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part II as captured as a 6 step procedure in Clause 6.2.7 of TS 38.212 can be reused for UCI Part 0, UCI part I and UCI

Part I1.
To avoid cumbersome description, we may drop mention of CG-UCI in the following. It is understood that CG-UCI is

mapped to UCI Part 0.
With proposed solutions below, UCIs in UCI Part 0 populate a sequence in replacement of
g GACK_ > UCTs in UCI Part I populate a sequence in replacement of

ACK _ACK _ACK _ACK ACK
8 8 8 18
CSl-partl _CSI-partl _CSl-partl _ CSI-partl CSl-partl . .
g part & part g, part » &5 part g Gcs[fjﬁil, UClSs in UCI Part II populate a sequence in replacement of
CSl-par2 ~_CSl-par2 _CSl-par2 _CSI-part2 CSl-parf2
gO 9g1 182 >g3 a---agGCSI-punz_l-
11.1Mapping of UClIs to UCI Parts over PUSCH
HP HARQ-ACK — Part0 P LP HARQ-ACK
7
‘1
i
7
S
CSI Part | E— PART| . /,
/
/
/
/
’
/
’
CSl part Il — PART Il

Figure 11-2 Separate encoding of HP HARQ-ACK and LP HARQ-ACK

With the goal to reuse the Rel-15 design, LP HARQ-ACK can be mapped to UCI Part I or UCI Part II:
If mapped to UCI Part I (shown by the blue solid line), then the encoding sequence is CSI Part I > LP HARQ-

ACK if CSI Part I contains HP CSI, otherwise the encoding sequence is LP HARQ-ACK> CSI Part L.

If mapped to UCI Part II (shown by the red dashed line), then the encoding sequence is CSI Part II > LP
HARQ-ACK if CSI Part II contains HP CSI, otherwise LP HARQ-ACK> CSI Part II can be used.

Note even on LP PUSCH, LP HARQ-ACK is bumped to Part I or Part IT once HP HARQ-ACK is present.

To avoid complicated CI omission rules, with a consideration similar to that on UCI multiplexing on PUCCH, LP CSI

can be dropped once HP CSI is present.

HP HARQ-ACK > Part 0 LP HARQ-ACK
1
1
]
1
1
PART | r !
« , 1
] 1
1
{
1
1
HP CSI Part | ,I LP CSI Part |
1
1
1
PART Il v
HP CSl part Il > < LP CSl part Il

Figure 11-3 Separate UCI multiplexing choice
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LP HARQ-ACK mapping Alt. 1:

Benefit of mapping LP HARQ-ACK to UCI part I:
It is reasonable to assume UCI part I tends to be better protected than UCI part II. Mapping LP HARQ-ACK to

UCT Part I gives better protection to LP HARQ-ACK than mapping LP HARQ-ACK to UCI Part II.

LP HARQ-ACK mapping Alt. 2:

Benefit of mapping LP HARQ-ACK to UCI part II:
1) Since in Rel-15 CSI omission is applied on UCI PART II, to minimize specification impact and change in

implementation for Rel-17, LP HARQ-ACK can be mapped to Part II all the time irrespective of whether
LP PUSCH or HP PUSCH carries mixed UClIs including LP-HARQ-ACK. With that, tasks of CSI
omission and HARQ-ACK omission/compaction can be conducted on a single UCI part instead of being
spread to multiple UCI parts. Hence it may happen HP HARQ-ACK is mapped to Part 0, Part I is empty,
LP HARQ-ACK is over Part I, which should not be a problem from specification or implementation point
of view.

2) Considering there may be important HP AP CSI carried in UCI part I, mapping LP HARQ-ACK into UCI
Part I may have less impact to HP UCIs than mapping LP HARQ-ACK into UCI Part I.

The treatment of UCI multiplexing over HP PUSCH is given in Table 11-1 and illustrated in Figure 11-4. Similar to the
discussion on UCI ordering for PUCCH, the order by which UCIs are concatenated in a UCI Part may be relevant to
UCI omission rules. For example, for the combination highlighted in purple in Table 11-1, LP-HARQ-ACK would be
omitted first before any component from HP CSI Part II is omitted.

Table 11-1 UCI multiplexing over HP PUSCH

HP CSI is present HP CSI is absent
HP PUSCH HP PUSCH HP PUSCH HP PUSCH
(Alt. 1) (Alt. 2) (Alt. 1) (Alt. 2)
UCI Part 0 HP HARQ-ACK HP HARQ-ACK HP HARQ-ACK HP HARQ-ACK
UCI Part I HP CSI Part I, LP HP CSI Part I LP HARQ-ACK
HARQ-ACK
UCI Part IT HP CSI Part 11 - LP-HARQ-ACK
Note 1: if HP CSI consists of a single part, then HP CSI part II is absent
Note 2: If CG-UCl is present, it is carried in UCI Part 0
HP HARQ-ACK > Part0 LP HARQ-ACK
II
I
1
!
PART | ¥ /
< !
I
I
I
!
I
HP CSI Part | /I
,I
I
PART Il 4
HP CSl part Il >

Figure 11-4 Separate UCI multiplexing (LP HARQ-ACK over HP PUSCH)
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The treatment of UCI multiplexing over LP PUSCH is given in Table 11-1 and illustrated in Figure 11-5.

Table 11-2 UCI multiplexing over LP PUSCH

HP CSI is present Both HP CSI and LP CSI are absent HP CSI is absent, and LP CSI is
present.
LP PUSCH LP PUSCH LP PUSCH LP PUSCH LP PUSCH LP PUSCH
(Alt. 1) (Alt. 2) (Alt. 1) (Alt. 2) (Alt. 1) (Alt. 2)
UCI Part 0 | HP HARQ- HP HARQ- HP HARQ- HP HARQ-ACK HP HARQ- HP HARQ-
ACK ACK ACK ACK ACK
UCI Part1 | HP CSI Part1, | HP CSI Part I LP HARQ- LP HARQ- LP CSI Part I
LP HARQ- ACK ACK, LP CSI
ACK Part I
UCI Part I | HP CSI Part II | HP CSI Part LP-HARQ-ACK | LPCSIPartll | LP-HARQ-
II, LP-HARQ- ACK, LP CSI
ACK > Part 11, >
(discard LP- (discard LP CSI
HARQ-ACK first)
first)

Note 1: if HP CSI consists of a single part, then HP CSI part II is absent.
Note 2: If CG-UCl is present, it is carried in UCI Part 0

HP HARQ-ACK

Part 0

PART |

PART Il ¢

LP HARQ-ACK

LP CSl Part |

LP CSl part Il

Figure 11-5 Separate UCI multiplexing choice (HP HARQ-ACK over LP PUSCH)

We have

Proposal 11-1: Between two options of mapping LP HARQ-ACK into UCI Part I and UCI Part II, RANT select
one of them consistently across multiplexing scenarios.

Proposal 11-2: Adopt Alt. 1 or Alt. 2 design from Tables 11-1 and 11-2.

Proposal 11-3: For a UCI part, UCI omission/compaction is applied to the right-most UCI first among UClIs in
that UCI part as in Tables 11-1 and 11-2. Before all the later-placed UCIs are omitted, an early UCI is not

omitted or compacted.

38/59



12 PUSCH resource determination (a and f) for UCI multiplexing
12.1 Rel-15/16 design review

12.1.1 BetaOffsets

The RRC configuration for BetaOffsets from TS 38.331 is shown below:

BetaOffsets ::= SEQUENCE {

betaOffsetACK-Index1 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetACK-Index2 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetACK-Index3 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Partl-Index1 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part1-Index2 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part2-Index1 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part2-Index2 INTEGER(0..31) OPTIONAL-- Need S

}

BetaOffsets field descriptions:

betaOffsetACK-Index1
Up to 2 bits HARQ-ACK (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 11.

betaOffsetACK-Index2
Up to 11 bits HARQ-ACK (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 11.

betaOffsetACK-Index3
Above 11 bits HARQ-ACK (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 11.

betaOffsetCSI-Part1-Index1
Up to 11 bits of CSI part 1 bits (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 13.

betaOffsetCSI-Part1-Index2
Above 11 bits of CSI part 1 bits (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 13.

betaOffsetCSI-Part2-Index1
Up to 11 bits of CSI part 2 bits (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 13.

betaOffsetCSI-Part2-Index2
Above 11 bits of CSI part 2 bits (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 13.

12.1.2 BetaOffsets for CG PUSCH and DG PUSCH

ConfiguredGrantConfig ::= SEQUENCE {
;i;:i-OnPUSCH SetupRelease { CG-UCI-OnPUSCH } OPTIONAL, -- Need M
BétaOffsetCG—UCI-rM INTEGER (0.. 31) OPTIONAL, -- Need R

}

CG-UCI-OnPUSCH ::= CHOICE {
dynamic SEQUENCE (SIZE (1..4)) OF BetaOffsets,
semiStatic BetaOffsets

}

Note on “uci-OnPUSCH”
e Selection between and configuration of dynamic and semi-static beta-offset.
e  For Type 1 UL data transmission without grant, uci-OnPUSCH should be set to semiStatic.
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betaOffsetCG-UCI
Beta offset for CG-UCI in CG-PUSCH, see TS 38.213 [13], clause 9.3

PUSCH-Config ::= SEQUENCE {
uci-OnPUSCH SetupRelease { UCI-OnPUSCH} OPTIONAL, -- Need M

uci-OnPUSCH-ListForDCI-Format0-2-r16 SetupRelease
{ UCI-OnPUSCH-ListForDCI-Format0-2-r16} OPTIONAL, -- Need M

uci-OnPUSCH-ListForDCI-Format0-1-r16 SetupRelease
{ UCI-OnPUSCH-ListForDCI-Format0-1-r16 } OPTIONAL, -- Need M

}

Note on uci-OnPUSCH-ListDCI-0-1, uci-OnPUSCH-ListDCI-0-2:

e  Configuration for up to 2 HARQ-ACK codebooks specific to DCI format 0_1/0_2.
e The field uci-OnPUSCH-ListDCI-0-1 applies to DCI format 0_1 and the field uci-OnPUSCHListDCI-0-2 applies to
DCl format 0_2 (see TS 38.212 [17], clause 7.3.1 and TS 38.213 [13] clause 9.3).

UCI-OnPUSCH ::= SEQUENCE {

betaOffsets CHOICE {

dynamic SEQUENCE (SIZE (4)) OF BetaOffsets,
semiStatic BetaOffsets

} OPTIONAL, -- Need M

scaling ENUMERATED { f0p5, fOp65, fOp8, f1 }
H

UCI-OnPUSCH-ListForDCI-Format0-2-r16 ::= SEQUENCE (SIZE (1..2))
OF UCI-OnPUSCH-ForDCI-Format0-2-r16

UCI-OnPUSCH-ListForDCI-Format0-1-r16 ::= SEQUENCE (SIZE (1..2))
OF UCI-OnPUSCH

UCI-OnPUSCH-ForDCI-Format0-2-r16 ::= SEQUENCE {
betaOffsetsForDCI-Format0-2-r16 CHOICE {

dynamicForDCI-Format0-2-r16 CHOICE {

oneBit-r16 SEQUENCE (SIZE (2)) OF BetaOffsets,

twoBits-r16 SEQUENCE (SIZE (4)) OF BetaOffsets

!
semiStaticForDCI-Format0-2-r16 BetaOffsets
} OPTIONAL, -- Need M

scalingForDCI-Format0-2-r16 ENUMERATED { fOp5, fOp65, {f0pS, f1 }
H

12.1.3 Summary on Rel-15/16 design for BetaOffsets

For DG PUSCH:

For the non-fallback DCIs (0-1/0-2), if physical layer priority is configured (prioritylndicatorDCI-0-
1/prioritylndicatorDCI-0-2) , then there can be one set of beta offsets for semi-static signaling of beta offsets, and there
can be up to 4 sets of betaoffsets for dynamic signaling of beta offsets. Note each set of beta offsets can include 3 beta
offsets for HARQ-ACK (for 3 ranges: up to 2 bits, 3 bits to 11 bits, and more than 11 bits), 2 offsets for CSI Part I (for 2
cases: up to 11 bits, and more than 11 bits), and 2 offsets for CSI Part II (for 2 cases: up to 11 bits, and more than 11 bits).
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For CG PUSCH:

Similar to DG PUSCH, UCIs over CG PUSCH can be supported, and its signaling design in Rel-15 is similar to
that for DG’s. Further CG-UCT’s beta offsets can be configured through RRC signaling.

The coding rate for UCI Part 0 (the part taken by HARQ-ACK) is determined according to the configured beta offsets
set(s) and dynamic signaling if present:

For UCI part 0, the determination of B¢ ;’,f;;’: can be summarized as below:

*+ HARQ-ACK only over PUSCH with UL-SCH or without UL-SCH (Clause 6.3.2.4.1.1): Boffeer =
HARQ-ACK ,
ﬁoffset ’

+ CG-UCI over PUSCH with UL-SCH (6.3.2.4.1.4 CG-UCI ): pEUSCH = gcG-ucl,

* HARQ-ACK and CG-UCI over PUSCH with UL-SCH (6.3.2.4.1.5 HARQ-ACK and CG-UCI)

PUSCH _ pHARQ-ACK,
offset _ﬂoffset ’

For UCI part 1, the determination of B¢ ;’,f;;’: is as follows:

» CSI part I over PUSCH with UL-SCH or without UL-SCH:(Clause 6.3.2.4.1.2): BEFSCH = peoiper,;

For UCI part 2, the determination of B¢ ;’,f;;’: is as follows:

* CSI part I over PUSCH with UL-SCH or without UL-SCH (6.3.2.4.1.3 CSI part 2): ﬁ;’;’fs‘;i’ =
CSI-part2,
ﬁoffset ’
note Y }stgz 18 NOT used for CSI part II over PUSCH without UL-SCH.

12.1.4 Summary on Rel-15/16 design for alpha

The determination of « is according to scaling in the RRC signaling.
The information bits or payload for UCI part 0 (corresponding to HARQ-ACK or CG-UCI or HARQ-ACK+CG-
CGI in Rel-16), UCI part I (corresponding to CSI part I in Rel-16), UCI part II (corresponding to CSI part II in Rel-16).

Grid Containing Locations of Different Types

B UL-sCcH
DM-RS
I HARQ-ACK
L CSl Part 1
B CS| Part 2

Subcarriers

2 4 6 8 10 12 14
OFDM Symbols

Figure 12-1 Example of UCI multiplexing over PUSCH
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12.2 Rel-17 design for loading beta offsets

If there is no inter-L1 priority UCI multiplexing, the Rel-16 behavior should be retained. If there is inter-L1 priority
UCI multiplexing, o and/or § can be modified accordingly:

Now with the UCI mapping discussed in our contribution to RAN1 #104bis (R1-2103106), UCI part II may have only 1
bit (e.g. 1 bit for LP HARQ-ACK), in this case, it may be possible to develop a new coding scheme, e.g. by using the
PCFICH code design from LTE, or through padding or repetition: with padding, [X00] for 1 bit [XY 0] for 2 bits (X
and Y are HARQ-ACK bits) can be fed to the Reed-Muller code. Through repetition is also possible: [XXX], or [XX],
or [X0X] or [...X0..X..] (mapping two occurrence of X’s to two positions for example) can be considered. A new
channel coding scheme can be also considered.

In this case, irrespective of how 1 or 2 bits for HARQ-ACK is handled over UCI Part I and UCI Part II is handled, it
may be necessary to introduce a new [} offset for up to Z bits for UCI Part I and/or UCI part II (Z =1 or Z=2 for
example), then an IE under BetaOffsets can be introduced for up to Z bits such as

betaOffsetCSI-Part1-Index3 INTEGER(0..31) OPTIONAL- Need S

for LP HARQ-ACK mapping Alt. 1; or

betaOffsetCSI-Part2-Index3 INTEGER(0..31) OPTIONAL- Need S
for LP HARQ-ACK mapping Alt. 2.

With LP HARQ-ACK mapping Alt. 1, then the revised BeatOffsets set is as follows:

BetaOffsets ::= SEQUENCE {

betaOffsetACK-Index1 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetACK-Index2 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetACK-Index3 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part1-Index1 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part1-Index2 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part1-Index3 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part2-Index1 INTEGER(0..31) OPTIONAL, -- Need S
betaOffsetCSI-Part2-Index2 INTEGER(0..31) OPTIONAL-- Need S

}

betaOffsetCSI-Part1-Index3
1-2 bits of UCI part 1 bits (see TS 38.213 [13], clause 9.3). When the field is absent the UE applies the value 13.

Note up to Rel-16, a or scaling is semi-statically configured (separately for HP PUSCH and LP PUSCH).
In the discussion below, we assume the encoding of 1 or 2 bits UCI in Part I or Part II is with a solution already.

Then the UCI multiplexing resources can be fully determined once ($0,51,52,0) and the UCI encoding sequences are
known which is treated above, where the beta offset for HARQACK/CG-UGI/(HARQ-ACK+CG-UCI) or UCI part 0 in
Rel-16 corresponds to 0, and B1 is the beta offset for UCI part I, and B2 is the beta offset for UCI part II.

To make it easier to incorporate the specification change, we can categorize HARQ-ACK into Group-1-HARQ-ACK
and Group-2-HARQ-ACK, basically Group-1-HARQ-ACK is transmitted over UCI Part 0, Group-2-HARQACK is
transmitted over UCI Part I or UCI part 1.

Essentially, we need to the adapt beta offsets and alpha for different scenarios:
Legacy scenarios:
If there is no inter-L1 priority UCI multiplexing and the UCIs are of the same physical layer priority as PUSCH, the

Rel-16 design is reused, which can be also formulated as
(B0,B1,B2) = (betaOffsetHARQ—ACK or betaOffsetCG—UCI, betaOffsetCSI—partl, betaOfsetCSI—part2)
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HP UCI only over LP PUSCH:
for alpha, a separate alpha can be semi-statically configured for such a case. It is also possible directly to assume o = 1
in this case and using up all the resources for HP UCI should be a viable choice.

As for beta offsets, there are two options:
Option 1: (B0,1,B2) for HP UCIs over HP PUSCH can be re-used

Option 2: up to 4 new beta offset sets can be specifically introduced for the case with HP UCI(s) over LP PUSCH.

If the LP PUSCH is a DG (dynamic Grant) PUSCH:
beta_offset indicator in the DCI scheduling the LP PUSCH can be used to look up the set in either case. HP HARQ-
ACK is Group-1-HARQ-ACK.

LP UClIs only over HP PUSCH:

a separate set of (f0,51,B2,a) which can be different from the set for HP UCIs over HP PUSCH can be used. for alpha, a
separate alpha can be semi-statically configured for such a case. It is also possible directly to assume o = 0.5 or even a
smaller value.

As for beta offsets, there are two options:
Option 1: (B0,1,B2) for LP UCIs over LP PUSCH can be re-used
Option 2: up to 4 new beta offset sets can be specifically introduced for the case with LP UCI(s) over HP PUSCH

and beta_offset indicator can be used to look up the set in either case. LP HARQ-ACK is Group-2-HARQ-ACK, which
can be mapped to UCI part I or UCI part II.

Mixed UCIs over LP PUSCH:

the consideration can be similar to what we have for the case with HP UCIs only over LP PUSCH. In addition, we can
also consider updating betaOffsets for the UCI part(s) which carry HP UCls, e.g. B0 is used for the HP HARQ-ACK
over LP PUSCH, which is different from that configured for LP HARQ-ACK over LP PUSCH, but 1 and B2 remain
the same as for LP CSIs over PUSCH if UCI part I and UCI part II don’t carry any HP UCI. HP-ACK is Group-1-
HARQ-ACK for rate matching. LP-ACK is Group-2-HARQ-ACK for rate-matching.

Mixed UCIs over HP PUSCH: o can remain unchanged compared to the case with HP UCIs only over HP PUSCH,
and beta offsets can remain unchanged also compared to the case with HP UCIs only over HP PUSCH. HP HARQ-
ACK is Group-1-HARQ-ACK for rate matching.

LP HARQ-ACK is Group-2-HARQ-ACK, which can be mapped to UCI part I or UCI part II.
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Figure 7 betaOffset set selection at a PUSCH with a given physical layer priority

Note beta_offset indicator, the physical layer priority, and the types of UCI multiplexing (HP UCIs or LP UClIs or
mixed UCIs, HARQ-ACK’s presence, etc) can be used to look up the beta offset set so the PRI field size does not need
to be expanded. With that, 4 groups of beta Offsets sets can be supported:

e  Group 1: beta Offsets sets for LP UClIs (all UCIs are at LP) over LP PUSCH as in the Rel-16 legacy design
e  Group 2: beta Offsets sets for HP UClIs (all UCls are at HP) over HP PUSCH as in the Rel-16 legacy design
e  Group 3: beta Offsets sets for UCI(s) with at least one UCI at HP over LP PUSCH

e Group 4: beta Offsets sets for UCI(s) with at least one UCI at LP over HP PUSCH

Then on a LP PUSCH, with the presence of a HP UCI, Group 3 instead of Group 1 is selected. Similarly, on a HP
PUSCH, with the presence of a LP UCI, Group 4 instead of Group 2 is selected.

For DG PUSCH triggered by dynamic signaling with DCI format 0-2, two groups of beta offset sets are already
supported in Rel-16 w.r.t. physical layer priority, then the number of groups can be extended to 4 in Rel-17:

UCI-OnPUSCH-ListForDCI-Format0-2-r17 ::= SEQUENCE (SIZE (1..4))
OF UCI-OnPUSCH-ForDCI-Format0-2-r17

A similar extension can be considered for DG PUSCH triggered by dynamic signaling with DCI format 0-1, and the
number of groups is extended to 4:

UCI-OnPUSCH-ListForDCI-Format0-1-r17 ::= SEQUENCE (SIZE (1..4))

OF UCI-OnPUSCH-r17

Note that UCI-OnPUSCH-r17 and UCI-OnPUSCH-ForDCI-Format0-2-r17 can have beta value less than 1 compared to
their Rel-16 counterparts.

The semi-static beta Offset set is shown as Set 0 and Set OA in Figure 20. For the 3, set, 3 values are given in Figure
20 to reflect the choice to map LP HARQ-ACK to UCI Part 1 and creating a beta offset for 1~2 LP HARQ-ACK bits as
discussed above. The adaptation of mapping LP HARQ-ACK to UCI part II can lead to adding one value to the 3, set.
To reflect the situation that no all UCIs mapped to UCI part I or UCI part II are CSIs, the IE names can be modified,
e.g. from “betaOffsetCSI-Part1-Index1” to “betaOffsetUCI-Part1-Index1”, ..., from “betaOffsetCSI-Part2-Index1” to
“betaOffsetUCI-Part2-Index1”, etc.

However, if the beta offset indicator field size can be expanded, then the selection of a beta set group can be explicitly
indicated.

For a configured grant configuration, as the physical layer priority is configured as part of configured grant
configuration, two groups of beta Offsets sets can be configured:
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e One group for the case where all UCI(s) are of the same physical layer priority as the configured grant PUSCH
e One group for the case where at one UCI is of a different physical layer priority as the configured grant
PUSCH

Proposal 12-1: a beta offset set can be looked up according to physical layer priority, beta offset selection, and
the presence of mixed UClIs.

13 Power control aspects

In NR, important decisions on PUCCH power control were taken at RAN1 #92, which leveraged LTE’s design. By
reviewing the discussion history, it can be seen much simulation work is required to arrive at an optimized design.
Given the diverse issues to tackle just under UCI multiplexing, reopening all the design choices is not desirable. In
Section 13.1, we first review the discussion history on power control in NR. In Section 13.2, we provide general design
consideration for Rel-17. In Section 13.3, we provide our concrete proposal for power control.

13.1Design history in NR

In Rel-15, for PUCCH formats 2/3/4, evaluations on the candidates for Apucch Tr,c(f) were conducted. It was assumed
that

e For 2 <Oucr =11 bits, When RM code is used, the coding gain is considered linear.

e For 12 = Oucr =19 bits, Polar code with 6-bit CRC is used.

e For 19 bits < Oucr, Polar code with 11-bit CRC is used.
It is clear that for small UCI payload size, Reed-Muller code was the target for curve-fitting, and for larger UCI payload
size, polar code was the target for curve-fitting.

In Rel-15/16, only UCIs of the same L1 priority can be multiplexed in a PUCCH. The power control rules for PUCCH
formats are captured in TS 38.213. For PFO/PF1, the payload size is not considered in the power control formula. For
PF2/3/4, the payload size is considered. For PF2/3/4, joint encoding is supported, and for PF3/4, separate encoding is
supported. It can be seen from the agreement in RAN1 #92, when the agreements on power control formula were
reached, it seems joint encoding was assumed in the specification work, and separate encoding was not considered.

At RANI1 #92, the following were agreed for NR:

Agreement:
e For PUCCH format 2, 3, and 4, for the case of small UCI payload size (less than or equal to 11)
o Avruccr_tro(i) = 10logio(K2-BPREs(i)) where

=  BPREs(i) = Ouci(i)/Nre(i)

= Qucl(i) is the actual number of UCI bits transmitted in i excluding the known bits as in
LTE

»  Nre(i) = Mrucch(i) X number of subcarriers per PRB x number of DFT-s-OFDM/CP-
OFDM symbols excluding DMRS symbols/tones

= FFS: K2 (there is no new RRC parameter introduced)

Agreement:
For the case of large UCI payload size (greater than 11), Apucc Tr.o(7) is equal to Apucch 1r.c(i) = 10logio(2K! BPRED
1)

e  BPRE(i) = Ouci(i)/Nre(i)

e Ouci(i) is the number of UCI bits including CRC bits in i

e NRre(i) = Mpucch,e(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols

excluding DMRS symbols/tones
e FFS: Kl (there is no new RRC parameter introduced)

While the use of Ouci(i) is more straightforward, the derivation of 72y,pq_ack (#) can be found from the specification

text below:
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Nyaro-ack (1) is a number of HARQ-ACK information bits that the UE determines as described in

Clause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 or 9.1.3.3 for
Type-2 HARQ-ACK codebook. 72, ack (£) 18 the same as O, (7) as described in Clause 9.1.4 for

Type-3 HARQ-ACK codebook. If the UE is not provided any of pdsch-HARQ-ACK-Codebook,
pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback, Nyagq.ack (i) =1 if the

UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, 7,rq.ack (1) =0

And tracing back the discussion history in LTE, 1 4o (Which is the LTE counterpart of ny 4pg—_qcx (i) in NR) was
introduced in Rel-10. The discussion in LTE (e.g. [8]) first led to an agreement in RAN1 #63:

Agreement (RAN1 #63
n_harq based on:
- number of received TBs (also including SPS release)

And the calculation of ny,po was discussed and agreed in [9] from the email discussion in May 2011 after the RAN1
#65 meeting “[65-09] R1-111886 36213CR0299 CR on power control for HARQ-ACK transmission on PUCCH?”, the
calculation was incorporated in Clause 10.1 of TS 36.213v10.2.0.

One consideration of using ny g, instead of the HARQ-ACK size is to avoid un-necessarily high transmission power
of LTE PUCCH format 3 when the number of received PDSCHs is actually small.

We note fyzpo.ack (£) is intended to be used for the case with Reed-Muller code.

13.2 Design considerations on PUCCH power control for Rel-17

In previous sections, we provide our view on PUCCH resource set selection, PUCCH resource determination, omission
rules, etc. We can see it is necessary to reflect the payloads at different coding rates for them. The coding rates can be
associated with UCI parts, e.g. UCI part 1, UCI part2, the coding rates can be also associated with UCI types including
the nature of the UCI payload, e.g. whether it is for HARQ-ACK, SR or CSI, further the L1 priority (HP or LP) can be
used for further associations. As discussed in Section 4.1, there are a number of choices (4.1-option 1 to 4.1-option 4) to
derive coding rates (r; and r;,). It can be seen in the Rel-16 power control formula, the payload size at PF 2/3/4 is
reflected in the power adjustment. Hence we propose necessary updates to support power control for UCIs at two L1
priorities.

Here we reproduce the figures in Section 9 to make it easier to follow the discussion below.

With separate encoding, the following mapping can be considered.

HP HARQ-ACK | | LP HARQ-ACK
HP SR - N PART [ LP SR
CSl Part |
PART Il '
CSl part Il — r

Figure 9-4 Separate encoding for HP HARQ-ACK and LP HARQ-ACK
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HP HARQ-ACK

HP SR

LP HARQ-ACK

PART |

LP SR

PART Il

v

Figure 9-5 Separate encoding for HARQ-ACK/SR only
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Figure 8 Delta factors for Reed-Muller code and Polar code
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In one example, it may happen the number of UCI bits for UCI part 1 is no larger than 11, and the number of UCI bits
for UCI part 2 is no larger than 11, hence each UCI part is protected through a Reed-Muller code. However, if the sum
of the UCI bits from two parts exceeds 11, then the power adjustment term follows that for polar code following the
current specification.

In another example, it may also happen that HP HARQ-ACK in UCI part | has a few bits, yet LP HARQ-ACK in UCI
part 2 has tens of bits. If the Rel-16 design is used, then according to the total number of UCI bits, the power adjustment
for Polar code is used, which leads to a much lower Tx power than that for Reed-Muller code if the code rate is below
2/3 with QPSK as shown in Figure 12. In that case, the protection of the HP HARQ-ACK can be lacking.

To avoid reopening the design for Rel-17, and we can derive the adjustment factors for two UCI parts separately. Purely
from protecting HP UCIs’ point of view, the adjust factor for UCI part 1 should be the determining factor.

13.3Proposed change for PUCCH power control

Since UCI part 1 and UCI part 2 are separately encoded, the delta factors can be determined from UCI part 1 and UCI
part 2. We can consider the delta factor from UCI part 1 only to prioritize the transmission of HP UCI(s) in UCI part 1.
To avoid power spectral density change in the frequency domain and/or time domain, then the determined delta factor is
applied for both UCI parts. To derive the delta factor for UCI part 1, its payload size and the number of used RE
resource elements for UCI part 1 need to be identified. Instead of using Ny (i), which is the total number of resource
elements to carry both UCI parts, a UCI part specific resource element parameter can be used for UCI part 1.

As the rate matching procedure can guarantee on one resource element, only coded bits from a single UCI part are

present. Then we can use the number of coded bits for UCI part 1 to calculate the number of resource elements taken by
UCI part 1.
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UCI(sL:‘o; !PrlaJr::s(r:r:ssion UCI(s) for encoding Value of EUcl

HARQ-ACK, SR Part| HP HARQ-ACK, HP SR EUCI—part] = min(E,,, ((OH_ACK + O SR L)/r]/Qm] -Q,)

Partll LP HARQ-ACK, (LP SR) EUCI*psz =E,, — min(E,, [(OH—ACK + OF-SR L)/n/Q,] - 0,)

— ; H-ACK H-SR H-CSI .

R L HP HARQ-ACK, HP SR, (HP CSl) Eycr—parn = Min(Eyy, [(O +0 +0 +L)/r/Q,] - Q,)
(CSlis at HP)

Part LP HARQ-ACK, (LP SR) Eycipary = Ejpy — min(E,,, [(OF-ACK 4 OH=SR 4 OH=CSI 4+ 1)/11/Q,,] - O,

Part | HP HARQ-ACK, HP SR, CSl part 1 Eyci—parn = min(E,, [(OHACK 4 QH-SR 4 CSI=partl 4 L)/r/0,,] - 0,
HARQ-ACK, SR, CSI
(CSlI of two parts)

. H-ACK H-SR ST, 1
PartIi LP HARQ-ACK, (LP SR), CSl part 2 EUCI—partZ =E,,—min(E,, [(O CK 4 OH-SR 4 QCSI-partl 4. L)/n/0,] - 0,)

Figure 13-1 UCI mapping for separate encoding of HP/LP HARQ-ACK (1).

UCI(s) for transmission on a PUCCH UCI for encoding Value of Epcp

- - . H-ACK H-SR
HARQ-ACK, SR, CSI Partt HP HARQACK, HP SR EUCI—part] = mm(Em;’ [(0 +0 + L)/rl/Qm] : Qm)

(CSlis at LP, and it is of a single part)

Pat2 | LPHARQ-ACK, (LP SR), (LP CSI) Eyci—para = Er — min(E,,, [(OHACK + OHSR 4 L)Ir/Qy1 - Q)
I’(OH—ACK + OH—SR + 0H—CS[+ L)/rI/Qm] . Qm)
- I'(OH—ACK + OH—SR+ OH—CSI + L)/rl/Qm] . Qm)

Figure 13-2 UCI mapping for separate encoding of HP/LP HARQ-ACK (2).

TR SR G Part 1 HP HARQ-ACK, HP SR, HP CSI EUCI_W”1 = mm(Etm’

(Some CSl is at HP, some CSl is at LP),
all CSls are of a single part .
Part 2 LP HARQ-ACK, (LP SR), (LP CSI) — _
EUCI—partZ Elol m’n(EI

In the tables above, L is the number of CRC bits which can be zero, Q,,is the modulation order. E;,; and Eyci—parer
are the number of coded bits for both UCI parts and UCI part 1 respectively, Ngg(i) and Ngg_pqrer are the number of
resource elements for both UCI parts and the number of resource elements for UCI part 1 respectively.

For PUCCH formats 2/3/4, the delta factor Aqg ¢ (i) is determined from UCI part 1:
EUCI—partl

Ngg(i), where Eyci_pares is the
Etot

e The number of resource elements for UCI part 1 Nrg_pares (1) =

number of coded bits for UCI part 1
If ZanéFlpartl

n=1 Oyci-part1,n 1s smaller or equal to 11,

total

. N —par .
O Arppfepart: (D) = 10 - log;o (K - (anfl partt OUCI—partl,n) /NRg-part1 (1))

o Ifa HARQ-ACK codebook with Oyci_paresn bits is included in UC part 1, '"HARQ-ACK @) s used
instead of Oy¢—part1,n’ for the HARQ-ACK codebook:

total
NUCI—partl

. ATF,b,f,c,partl (1) =10- 10g10 (Kl : (anl OUCI—partl,n - OUCl—partl,n’ +

NyARQ-ACK (i)) /NRE—partl ()
o If more than one HARQ-ACK codebooks are included in UCI part 1 (e.g. one due to SPS HARQ
deferral, another for HARQ feedback for dynamic grant PDSCH(s)), then replacement of the number
of HARQ-ACK codebook size by the associated ny4rg—acx can be applied to each HARQ-ACK

codebook.

NyARQ-ACK @)

= The subscript i in is dropped as there are multiple nyap0-ack-

e  otherwise
- ATF,b,f,c,partl (1) =10 lOglO(ZKZIBPRE(i) - 1) where

" K,=24and

. NS part
" BPRE(I) = (anl partt OUCI—partl,n + OCRC,UCI—partl) /NRE—partl(i)
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o And Argpc(i) = Arpp e part () is applied to both UCI parts.

We have
Proposal 13: For PUCCH formats 2/3/4, the delta factor Argy, ¢ (i) is determined from UCI part 1:
e The number of resource elements for UCI part 1 Ngg_pape1 (i) = Euc:_:_ﬂNRE (i), where Eycj_parts is the
tot

number of coded bits for UCI part 1

L — .
o If X 0" Oyci—partin is smaller or equal to 11,
total

- N —par -
o Argptepart1 (D) = 10 -loggo (K, - (an? partt OUCl—partl,n) /NRg-part1 (1))

o If a HARQ-ACK codebook with Oyc;_par1 bits is included in UCI part 1, Parq-acc (7) is
used instead of Oycy_pare1,n’ for the HARQ-ACK codebook:

i
N partl
- ATF,b,f,c,partl (l) =10- 10g1o(K1 : (anl OUCl—partl,n - OUCI—partl,n' +

nHARQ—ACK(i)) / Nre_part1 1)

o If more than one HARQ-ACK codebooks are included in UCI part 1 (e.g. one due to SPS
HARQ deferral, another for HARQ feedback for dynamic grant PDSCH(s)), then replacement
of the number of HARQ-ACK codebook size by the associated ny4p9_acx can be applied to
each HARQ-ACK codebook.

e otherwise
- Argppgepara () =10 log,o (2K BPRE® — 1) where
. K,=24 and

total

= N —par
" BPRE(I) = (anil partt OUCl—partl,n + OCRC,UCI—partl) /NRE—partl(i)
®  And Aqpp¢c(i) = Agpp g pares (1) is applied to both UCI parts.

Looking back on Rel-15 design, for PUCCH formats 3 / 4 with two UCI parts, it might be possible to determine
adjustment factors for two UCI parts first, similar to what is proposed for UCI part 1 here, then define a rule (e.g.,
taking the higher adjustment factor between them) to arrive at Argy, ¢ pare (). Given existing deployments and
implementation, it is not desirable to reopen the discussion for Rel-15/16. With that said, given the difference can
clearly see from Figure 12, the Rel-15/16 practice should not be used to block Rel-17 design.

14 Discussion on PHY prioritization of overlapping dynamic grant
PUSCH and configured grant PUSCH

The WI has tasked RAN1 to “Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant
PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the
PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline”.

At RANI 103-¢, the following was agreed:

Agreements:
Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant
PUSCH on a BWP of a serving cell in R17.
e  FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
o First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is
considered.
e FFS the timeline requirements.
o First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without
uplink skipping enabled.
e  FFS UE capability for this feature.
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e Note: The main bullet has been agreed in the WID by RAN Plenary.

In Rel-15, when timeline conditions are met, a DG PUSCH can be scheduled over a CG transmission occasion. While
the specification for DG/CG with single slot transmission is rather clear, we note that the Rel-15 behavior concerning
CG/DG with slot aggregation was only clarified at RANI 101-e.

With the introduction of multiple CGs over a BWP, PUSCH repetition Type B, and physical layer priority, the Rel-16
behavior concerning CG/DG is quite complicated and in need of clarification, we have discussed them in a companion
paper [3]. In our view, bringing clarity to the Rel-16 behavior is the first step to define the Rel-17 solution, and it is
important to identify what transmission strategies are already supported by the Rel-16 specification and what are not;
this also fulfills the requirement in WID “taking the solution developed during Rel-16 as the baseline”.

We have

Proposal 14-1: Clarify the Rel-16 UE behavior concerning DG/CG transmission.

15 Simultaneous PUCCH and PUSCH transmissions

The following was agreed:

Agreements:

Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
o FFS how fo trigger this function.

e FFS for intra-band CA.
Subject to UE capability, simultaneous PUCCH and PUSCH transmissions for inter-band CA can be enabled; the

enabling mechanism should be through RRC configuration. Note at RAN1 #97, the UCI multiplexing behavior was
clarified, the note below has been captured in the Chairman’s notes of RAN1 #97:

'Wednesday conclusion (amended on Thursday as shown):
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood
as follows:
e  For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1
first, then followed by step 2:
o Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource
Z) enRCcC. This step is done per PUCCH slot.
o Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least
one PUSCH, following the priorities (sequentially from high to low) as listed below.
»  First priority: PUSCH with A-CSI as long as it overlaps with Z
= Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
= If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the
following priorities (sequentially from high to low)
e  Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective
ConfiguredGrantConfig or semiPersistentOnPUSCHconfigured grant PUSCHs
e  Fourth priority: PUSCHs on €€ serving cell with smaller €€ serving cell index >
PUSCHs on €€ serving cell with larger €€ serving cell index
e  Fifth priority: Earlier PUSCH transmission > later PUSCH transmission
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies
among PUCCH and PUSCHs.

The Rel-15 and Rel-16 NR design mandates that UCI which would be carried over a PUCCH overlapping with
PUSCH(s), be multiplexed over one of those PUSCHs. With simultaneous PUCCH/PUSCH transmissions on different
cells for inter-band CA, Step 2 is executed for PUCCH and PUSCHs on for CCs in the same band as the PUCCH-
residing CC, and PUSCHs on CCs at other bands are not considered in Step 2. simultaneous PUCCH/PUSCH
transmissions for intra-band CA is supported, then Step 2 is executed for PUCCH and PUSCHs on for CCs in the same
CC, and PUSCHs on other CCs are not considered in Step 2.
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Simultaneous PUCCH/PUSCH transmission for intra-band CA leads to Tx discontinuity and large Tx power back-off.
More specifically, phase discontinuity is a concern if different durations of the PUSCH and PUCCH are used. To avoid
phase discontinuity, then PUSCH duration and PUCCH duration have to be the same. However, for transmission at
different physical layer priorities, mandating the same transmission duration for PUCCH/PUSCH severely limits cases
where Simultaneous PUCCH/PUSCH transmission is used. With such strong restriction on PUSCH/PUCCH, it is not
clear whether Simultaneous PUCCH/PUSCH transmission for intra-band CA provides much benefit.

PUSCH at CC2

PUCCH at CC1

~Time

Figure 9 Phase discontinuity at PUCCH

Proposal 15-1: Simultaneous PUCCH/PUSCH transmission for intra-band CA is not supported if phase
discontinuity problem cannot be addressed.

In NR, PTRS (Phase Tracking Reference Signal) has been introduced for PDSCH and PUSCH to handle phase noise in
FR2. Essentially by inserting reference symbols in the time domain, the receiver can track the phase change from one
OFDM symbol to another OFDM symbol, and with the pre-DFT insertion of PTRS with DFT S-OFDM even tracking
phase change at sub-OFDM symbol is also possible. PTRS can be also used to track frequency offset, e.g. front-load
DMRS and PTRS can be used together as an alternative to inserting DMRS at multiple locations in PUSCH. Similarly,
PTRS can be used to handle phase discontinuity for simultaneous PUCCH/PUSCH transmission:

e PTRS in PUSCH can be configured so phase jump due to the start or the end of PUCCH on another CC can be
handled.
e PTRS in PUCCH can be introduced so phase jump due to the start or the end of PUSCH on another CC can be
handled.
o Note: an often-cited example for simultaneous PUCCH/PUSCH transmissions is a short PUSCH on
CC1 and a long PUCCH on CC2.

For PUCCH format 3, PTRS can be introduced in a similar way as that for DFT-S-OFDM PUSCH.

Proposal 15-2: consider the feasibility of introducing PTRS for PUCCH to handle phase discontinuity problem
in simultaneous PUCCH/PUSCH transmissions for intra-band CA.

Simultaneous PUCCH/PUSCH transmission on the same cell also leads to phase discontinuity issue. When the
separation of PUCCH and PUSCH in the frequency domain is large, an even more serious issue is inter-modulation
interference, which leads to a big challenge in UE implementation. We have

Proposal 15-3: Simultaneous PUCCH/PUSCH transmission on the same CC is not supported.

16 Conclusion

In this contribution, we provide our views on UCI multiplexing design and other design issues in Rel-17. We have

Proposal 2-1: Study alternatives with introducing an inter-L1 priority PUCCH multiplexing with PUCCH
resources Z as inputs.
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Observation 3-1: in Rel-16, for PRB number adjustment/interlace number adjustment, the configured PRB
number of the selected PUCCH resource (if it is at PF2 or PF3), Oy, Ocgc, maxCodeRate according to the
PUCCH format of the selected PUCCH resource, Oyc, Ocrc, maxCodeRate according to the PUCCH format of
the selected PUCCH resource are used as inputs, and the same coding rate is used for two CSI parts.

Observation 3-2:for CSI omission, selected PUCCH resource (if it is at PF2 or PF3, PF4), Oyc;, Ocgre»
maxCodeRate according to the PUCCH format of the selected PUCCH resource are used as inputs, the same
coding rate is used for two CSI parts.

Proposal 4-1: O ompinea = Ouci-part1 + Ouci-partz - T1/T2 is used for PUCCH resource set selection.

Proposal 5-1: considering coding rates of UCI parts in the PRB number adjustment/interlace number
adjustment.

Proposal 5-2: The condition to trigger PRB number adjustment is given by

NigtL total
part2 UCI-part1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,Ulepartz /(Qm : TZ) + Zn=1 OUlepartl,n + OCRC,Ulepartl /(Qm : T1) < MRB : Nsc,ctrl : NsymbeCl

And the stop condition for PRB number adjustment is as follows:

Ntotal ar Ntotal ar )
(Zn:il partz OUCprartZ,n + OCRC,Ulepart2> /(Qm : TZ) + (Zn:il partt OUlepartl,n + OCRC,Uleparﬂ) /(Qm ’ T1) < Mgggl(':ul-lll : N:(cl?:;;n : N?yﬁgﬂua
Proposal 6-1: Consider different coding rates for UCI parts in UCI omission rule.

Proposal 6-2: With two UCI parts, the omission rule is as follows:
The following conditions are used for UCI omission:
reported total
—part N —par
(Zn:il partz OUlepartZ,n + OCRC,UCprartZ,N> /(Qm : r2) + [(Zn:i] partt OUCprartl,n + OCRC,Ulepart1> /(Qm : rl)] < MggCCH : N?cl?ctrl ' Ngyn(igHUCl

reported

N " Ntotal
UCI-part2 UCI-part1 PUCCH RB PUCCH
(Zn=1 OUCprartZ,n + OCRC,UlepartZ,NJrl) /(Qm . TZ) + [(Zn=1 OUCprartl,n + OCRC,Ulepartl /(Qm : rl)] > MRB : Nsc,ctrl : NsymbeCl

If all UCI part II is dropped, then the the following is examined to determine remaining UCIs in UCI part I:

reported
UCI-part1 PUCCH RB PUCCH
Zn:1 OUCI—partl,n + OCRC,UCI—partl,,N /(@ - T1) S Mgg ’ Nsc,ctrl " Nsymb-uct
y!
N{J‘zl;gr;:gt1+1 0 0 MPUCCH | yRB  \/PUCCH
Zn:1 UCI-partl,n + CRC,UCI-part1,N+1 /(Qm ' rl) > RB sc,ctrl symb-UCI
y!

Proposal 7-1:
when HP CSI is present, only the following UCIs are carried in UCI part I and part I1:

HP HARQ-ACK > HP SR > (HP CSI) > LP HARQ-ACK > (LP SR)
When HP CSI is absent, only the following UClIs are carried UCI part I and part I1

HP HARQ-ACK > HP SR > LP HARQ-ACK > (LP SR) > LP CSI

Proposal 8-1: consider joint PUCCH resource set selection and PUCCH resource selection.

Proposal 8-2: if joint PUCCH resource set selection and PUCCH resource selection is supported, r; and r, are
configured per PUCCH format or per PUCCH resource.

Proposal 9-1: leverage the Rel-15 design, LP HARQ-ACK is mapped to UCI Part II in separate encoding, adopt
the UCI mapping in Figures 9-6a/9-6b.

Proposal 9-2:
Consider for PUCCH format 2 to support multiplexing of HP UCI(s) and LP UCI(s):
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generating two encoded sequences for HP-ACK (with r1) and LP-ACK (with r2) separately and then
concatenating those two encoded sequences into one encoded sequence, UCI mapping is not changed for
PUCCH Format 2.

Proposal 10-1: consider PRB # adjustment and CSI omission/HARQ compaction for the PUCCH resource under
multi-CSI-PUCCH-ResourceList and pucch-CSI-ResourceList.

Proposal 11-1: Between two options of mapping LP HARQ-ACK into UCI Part I and UCI Part II, RANT select
one of them consistently across multiplexing scenarios.

Proposal 11-2: Adopt Alt. 1 or Alt. 2 design from Tables 11-1 and 11-2.

Proposal 11-3: For a UCI part, UCI omission/compaction is applied to the right-most UCI first among UCls in
that UCI part as in Tables 11-1 and 11-2. Before all the later-placed UCIs are omitted, an early UCI is not
omitted or compacted.

Proposal 12-1: a beta offset set can be looked up according to physical layer priority, beta offset selection, and
the presence of mixed UClIs.

Proposal 13: For PUCCH formats 2/3/4, the delta factor Argy, ¢ (i) is determined from UCI part 1:

= E —par
e The number of resource elements for UCI part 1 Ngg_pape1 (i) = %N
tot

number of coded bits for UCI part 1
If Z:Eo(ila—lpartl

re(1), where Eyci_pare is the

Oyci-part1,n is smaller or equal to 11,
. Ntota_l ar .
o Argptepart1 (D) = 10 -loggo (K, - (an? partt OUCl—partl,n) /NRg-part1 (1))
o If a HARQ-ACK codebook with Oyc;_par1 ' bits is included in UCI part 1, Parg-acc (7) is
used instead of Oycy_pare1,n’ for the HARQ-ACK codebook:

. Ntota_l ar
" ATF,b,f,c,partl(l) =10- 10g10(K1 ' (anil partt OUCl—partl,n - OUCI—partl,n' +
nHARQ—ACK(i)) / Nre—part1 1)

o If more than one HARQ-ACK codebooks are included in UCI part 1 (e.g. one due to SPS
HARQ deferral, another for HARQ feedback for dynamic grant PDSCH(s)), then replacement
of the number of HARQ-ACK codebook size by the associated ny4pq_acx can be applied to
each HARQ-ACK codebook.

e otherwise
- Argppgepara (i) = 10 log,o (2K BPRE® — 1) where

. I\I{J(’(Itlal artl
" BPRE(I) = (Zn=1 part OUCl—partl,n + OCRC,UCI—partl /NRE—partl(i)

®  And Aqgp (i) = Agpp g pares (1) is applied to both UCI parts.

Proposal 14-1: Clarify the Rel-16 UE behavior concerning DG/CG transmission.

Proposal 15-1: Simultaneous PUCCH/PUSCH transmission for intra-band CA is not supported if phase
discontinuity problem cannot be addressed.

Proposal 15-2: consider the feasibility of introducing PTRS for PUCCH to handle phase discontinuity problem
in simultaneous PUCCH/PUSCH transmissions for intra-band CA.

Proposal 15-3: Simultaneous PUCCH/PUSCH transmission on the same CC is not supported.
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18 Appendix Specification Text for power control formulas

If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for
both MCG and SCG.

- When the procedures are applied for MCG, the term 'serving cell' in this clause refers to serving cell belonging to
the MCG.

- When the procedures are applied for SCG, the term 'serving cell' in this clause refers to serving cell belonging to
the SCG. The term 'primary cell' in this clause refers to the PSCell of the SCG.

If the UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this

clause for both primary PUCCH group and secondary PUCCH group.
- When the procedures are applied for the primary PUCCH group, the term 'serving cell' in this clause refers to
serving cell belonging to the primary PUCCH group.

- When the procedures are applied for the secondary PUCCH group, the term 'serving cell' in this clause refers to
serving cell belonging to the secondary PUCCH group. The term 'primary cell’ in this clause refers to the
PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-ri6 is
provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-
rlé6.

7.2.1 UE behaviour
If a UE transmits a PUCCH on active UL BWP b of carrier s in the primary cell ¢ using PUCCH
power control adjustment state with index /, the UE determines the PUCCH transmission power

Posccin. o (i-4,-4,.1) In PUCCH transmission occasion i as
Feviax s, (0)s
By pucers, r.o(9,) +101log, (2" M;gicfli D)+ PL, ;.(4,)+Ar pycen (F)+ Avey oD+ 8y (01

[dBm]

FBoocenpr.etq,59451) = min{

where
Peyax. s (0 is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and

[8-3, TS38.101-3] for carrier # of primary cell € in PUCCH transmission occasion I
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By puccnp,r.c(q,) is a parameter composed of the sum of a component B, oy puccn» Provided by p0-

nominal, or P, =0 dBm if p0-nominal is not provided, for carrier f° of primary cell € and, if

 NOMINAL PUCCH
provided, a component P, y; pyecyi (¢,) provided by p0-PUCCH-Value in PO-PUCCH for active UL BWP b of
carrier f* of primary cell €, where 0<g, <Q,. O, isasize foraset of R, ; pyccy Values provided by

maxNrofPUCCH-P(-PerSet. The set of Py v pucen
the UE, R, v pucen(9,) =0, 0<q, <0,

values is provided by p0-Set. If p0-Set is not provided to

- Ifthe UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-
PUCCH-Id, between a set of pucch-SpatialRelationInfold values and a set of p0-PUCCH-Value values. If the
UE is provided more than one values for pucch-SpatialRelationInfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfold, the UE determines the p0-
PUCCH-Value value through the link to a corresponding p0-PUCCH-Id index. The UE applies the activation
command in the first slot that is after slot £ +3- N ;‘g:fmme’” where k is the slot where the UE would transmit a
PUCCH with HARQ-ACK information for the PDSCH providing the activation command and # is the SCS

configuration for the PUCCH

- If the UE is not provided PUCCH-SpatialRelationInfo, the UE obtains the p0-PUCCH-Value value from the
PO-PUCCH with p0-PUCCH-1d value equal to the minimum p0-PUCCH-Id value in p0-Set

PUCCH
M

RBo. 7. (1) 18 @ bandwidth of the PUCCH resource assignment expressed in number of resource blocks for

PUCCH transmission occasion I on active UL BWP b of carrier f° of primary cell C and £ isa SCS
configuration defined in [4, TS 38.211]

PL, ,.(q,)1s a downlink pathloss estimate in dB calculated by the UE using RS resource index ¢, as

described in Clause 7.1.1 for the active DL BWP b of carrier £ of the primary cell C as described in Clause
12

- Ifthe UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer
parameters, the UE calculates PL, , (g,) using a RS resource obtained from an SS/PBCH block with same

SS/PBCH block index as the one the UE uses to obtain MIB

- Ifthe UE is provided a number of RS resource indexes, the UE calculates PL, . (g,) using RS resource
with index g, , where 0<q, <Q,. Q, is a size for a set of RS resources provided by maxNrofPUCCH-

PathlossReferenceRSs. The set of RS resources is provided by pathlossReferenceRSs. The set of RS
resources can include one or both of a set of SS/PBCH block indexes, each provided by ssb-Index in
PUCCH-PathlossReferenceRS when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a
SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of
a corresponding pucch-PathlossReferenceRS-1d maps to a CSI-RS resource index. The UE identifies a RS
resource in the set of RS resources to correspond either to a SS/PBCH block index or to a CSI-RS resource
index as provided by pucch-PathlossReferenceRS-1d in PUCCH-PathlossReferenceRS

- Ifthe UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationlnfo, the UE obtains a mapping, by
indexes provided by corresponding values of pucch-PathlossReferenceRS-1d, between a set of pucch-
SpatialRelationInfold values and a set of referenceSignal values provided by PUCCH-PathlossReferenceRS.
If the UE is provided more than one values for pucch-SpatialRelationlnfold and the UE receives an activation
command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfold, the UE determines the
referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-

PathlossReferenceRS-1d index. The UE applies the activation command in the first slot that is after slot
k+3- Nslsilt’fmme" * where k is the slot where the UE would transmit a PUCCH with HARQ-ACK information

for the PDSCH providing the activation command and # is the SCS configuration for the PUCCH

- If PUCCH-SpatialRelationInfo includes servingCellld indicating a serving cell, the UE receives the RS for
resource index g, on the active DL BWP of the serving cell

- Ifthe UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains
the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-1d with
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index 0 in PUCCH-PathlossReferenceRS where the RS resource is either on the primary cell or, if provided,
on a serving cell indicated by a value of pathlossReferenceLinking

If the UE

is not provided pathlossReferenceRSs, and
is not provided PUCCH-SpatialRelationlnfo, and
is provided enableDefaultBeamPL-ForPUCCH, and

is not provided coresetPoollndex value of 1 for any CORESET, or is provided coresetPoollndex value of
1 for all CORESETs, in ControlResourceSet and no codepoint of a TCI field, if any, in a DCI format of
any search space set maps to two TCI states [5, TS 38.212]

the UE determines a RS resource index g, providing a periodic RS resource configured with with gc/-
Type set to 'typeD' in the TCI state or the QCL assumption of a CORESET with the lowest index in the
active DL BWP of the primary cell. For a PUCCH transmission over multiple slots, a same g, applies to
the PUCCH transmission in each of the multiple slots.

The parameter Ay peqy (F) is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-fI for

PUCCH format 1, deltaF-PUCCH-f2 for PUCCH format 2, deltaF-PUCCH-f3 for PUCCH format 3, and
deltaF-PUCCH-f4 for PUCCH format 4, if provided; otherwise Ag pyccy(F) = 0.

Aty re (¢) is a PUCCH transmission power adjustment component on active UL BWP b of carrier f of
primary cell €

- For a PUCCH transmission using PUCCH format 0 or PUCCH format 1,
PUCCH

A () =10log,,| —=L—— |+ A, (i) where
TF,b,f,L( ) gm[NS;;ﬁCH (z)] ver(9)

- NPYSM(3) is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH

symb
transmission as described in Clause 9.2.

- NPUSCH —9 for PUCCH format 0

ref

- NPYCCH _ NP for PUCCH format 1

- Ayy (@) =0 for PUCCH format 0

- Ay (@) =10log,, (OUCI(i)) for PUCCH format 1, where O, (i) is a number of UCI bits in PUCCH

transmission occasion I

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits smaller than or equal to 11,

ATF,b,f,c (1)=101og,, (Kl : (nHARQ-ACK (1)) + Ogg (1) + Ocg (i))/NRE (i)), where
- K =6

Nyarg-ack (1) is a number of HARQ-ACK information bits that the UE determines as described in

Clause 9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 or 9.1.3.3 for Type-2
HARQ-ACK codebook. 1155 p_ack (7) is the same as O, (7) as described in Clause 9.1.4 for Type-3

HARQ-ACK codebook. If the UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-
ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback, Nyarg.ack (1) =1 if the UE includes a

HARQ-ACK information bit in the PUCCH transmission; otherwise, 7y,rq_ack (i) =0

Oqg (i) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
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O, (i) is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2

(i)- NEVCR. (i), where

Ny (i) is a number of resource elements determined as Ny (i) = Mypo 1. (i) No> ymb-UCLb, f.c.

RBb, f ¢ sc,ctrl
NZEP (i) is a number of subcarriers per resource block excluding subcarriers used for DM-RS

PUCCH
N

smb-uctp.f.c () is a number of symbols excluding symbols used for DM-RS

transmission, and

transmission, as defined in Clause 9.2.5.2, for PUCCH transmission occasion I on active UL BWP b of
carrier f  of primary cell €

- For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a
number of UCI bits larger than 11, A, - (i) = lOlogw( 2R BREO _ 1) , where

- K,=24

- BPRE(@) = (OACK () + Ogg (i) + Ocg (1) + Ope (i))/NRE @)

- O,k (9) is anumber of HARQ-ACK information bits that the UE determines as described in Clause

9.1.2.1 for Type-1 HARQ-ACK codebook and as described in Clause 9.1.3.1 or 9.1.3.3 for Type-2
HARQ-ACK codebook, or as described in Clause 9.1.4 for Type-3 HARQ-ACK codebook. If the UE is
not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-
ACK-OneShotFeedback, O, =1 if the UE includes a HARQ-ACK information bit in the PUCCH

ACK

transmission; otherwise, O, =0

- Og (i) is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
- Ogg (i) is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2
- Ogpe (@) is anumber of CRC bits that the UE determines as described in Clause 9.2

- Ngg(0) is a number of resource elements that the UE determines as

Ne (i) = My (1) N

- PUCCH . RB N 1 :
e Nompvcrs, .. (1), where N2 (7) 1s a number of subcarriers per resource block

sc,ctrl

excluding subcarriers used for DM-RS transmission, and N[\, ;. (i) is a number of symbols

excluding symbols used for DM-RS transmission, as defined in Clause 9.2.5.2, for PUCCH transmission
occasion I on active UL BWP b of carrier f of primary cell C.

- For the PUCCH power control adjustment state g, . (i,1) for active UL BWP b of carrier f of primary cell C

and PUCCH transmission occasion 1

- Opucciip s (i-1) is a TPC command value included in a DCI format scheduling a PDSCH reception for active

UL BWP b of carrier f of the primary cell C that the UE detects for PUCCH transmission occasion I, or is

jointly coded with other TPC commands in a DCI format 2 2 with CRC scrambled by TPC-PUCCH-RNTI
[5, TS 36.212], as described in Clause 11.3

- 1e{0,1} if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and
/=0 if the UE is not provided twoPUCCH-PC-AdjustmentStates or PUCCH-SpatialRelationInfo

- If the UE obtains a TPC command value from a DCI format scheduling a PDSCH reception and if the UE
is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-
PUCCH-1d, between a set of pucch-SpatialRelationInfold values and a set of values for closedLooplndex

that provide the / value(s). If the UE receives an activation command indicating a value of pucch-

SpatialRelationInfold, the UE determines the value closedLoopIndex that provides the value of [ through
the link to a corresponding p0-PUCCH-Id index

- If the UE obtains one TPC command from a DCI format 2_2 with CRC scrambled by a TPC-PUCCH-
RNTI, the / value is provided by the closed loop indicator field in DCI format 2_2
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4c)-
s B =g, ((—ip, )+ Z§PUC€H,I,J’C (m,1) is the current PUCCH power control adjustment state / for

m=0

active UL BWP b of carrier f of primary cell ¢ and PUCCH transmission occasion i , where

The 5PUCCI_L,)’/-’C values are given in Table 7.1.2-1

ac -
25PUCCH,;>, /o(m,1) is a sum of TPC command values in a set C, of TPC command values with

m=0
cardinality 4C,) that the UE receives between K —1 symbols before PUCCH transmission

PUCCH (i - io)

occasion j—j, and K (i) symbols before PUCCH transmission occasion i on active UL BWP b of

PUCCH
carrier f of primary cell ¢ for PUCCH power control adjustment state, where j, >0 is the smallest

integer for which K, (i —i,) symbols before PUCCH transmission occasion  —, is earlier than

K pucen () symbols before PUCCH transmission occasion i

If the PUCCH transmission is in response to a detection by the UE of a DCI format, K, () isa

number of symbols for active UL BWP b of carrier f of primary cell C after a last symbol of a
corresponding PDCCH reception and before a first symbol of the PUCCH transmission

If the PUCCH transmission is not in response to a detection by the UE of a DCI format, K, () isa

number of K symbols equal to the product of a number of symbols per slot, N ss;";b, and the

PUCCH, min

minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP b of carrier f of
primary cell C

If the UE has reached maximum power for active UL BWP b of carrier f of primary cell € at PUCCH

ac,)-1
transmission occasion i —j, and ZSPUCCM o (m,1)=0, then g, /. @G, = gb’f’c(i—io,l)
m=0 . »

If UE has reached minimum power for active UL BWP b of carrier f of primary cell ¢ at PUCCH

ac,)-1
transmission occasion i —i, and deuccm, o (m1)<0, then gb’/-,c(i,l) = gb’/-’v(i—io,l)

m=0

If a configuration of a B, pyecny /. (q,) Value for a corresponding PUCCH power control adjustment

state / for active UL BWP A of carrier f* of primary cell C is provided by higher layers,
- gb,f,c(k,l):O,k:(),l,...,i

If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of / from the value
of g, based on a pucch-SpatialRelationInfold value associated with the p0-PUCCH-Id value

corresponding to ¢, and with the closedLoopIndex value corresponding to [ ; otherwise, /=0
Else,

- gb,[,g(oal) =AP,

rampup b, f ¢ + 517,[,0 H where l = 0 4 and é‘hsf,” is

- the TPC command value indicated in a random access response grant corresponding to a PRACH
transmission according to Type-1 random access procedure, or in a random access response grant
corresponding to MsgA transmissions according to Type-2 random access procedure with RAR
message(s) for fallbackRAR, or

- the TPC command value indicated in a successRAR corresponding to MsgA transmissions for
Type-2 random access procedure, or

- the TPC command value in a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTT that
the UE detects in a first PDCCH reception in a search space set provided by

58/59



recoverySearchSpaceld if the PUCCH transmission is a first PUCCH transmission after 28
symbols from a last symbol of the first PDCCH reception,

and, if the UE transmits PUCCH on active UL BWP & of carrier # of primary cell C,

0,
) max[
min PCMAX,/',C - (PoiPUCCH,b,f,c + PLb,f,c (qd )+ AFﬁPUCCH (F)+ ATF,b,f,c + 5b,,/‘,c) ;

rampuprequested b, f ,¢

rampup b, f ¢ =
otherwise,

0’
. | max| , .
APy pups. .o = MIN LN _(P oruccip st P L,,’,-,C(qd)) where AP, vequesid b.y.c 18

ram puprequested b, f ,c

provided by higher layers and corresponds to the total power ramp-up requested by higher layers from
the first to the last preamble for active UL BWP & of carrier £ of primary cell C, and

Ag puccn (F ) corresponds to PUCCH format 0 or PUCCH format 1

Table 7.2.1-1: Mapping of TPC Command Field in a DCI format to accumulated 5PUCCH,,,/QC values

TPC Command Field | Accumulated &,y ;. [dB]
0 -1
1 0
2 1
3 3
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