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[bookmark: _Toc95657112] Introduction
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:
· In Section 2, we discuss the UCI multiplexing flow in Rel-16 and Rel-17. 
· In section 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 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. 
· The order UCIs 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. 
· SPS HARQ related issues are discussed in Section 10.

On UCI multiplexing over PUSCH:
· In Section 11, we discuss alternatives in where to map LP-HARQ ACK over PUSCH. 
· 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.
[bookmark: _Toc95657113]Discussion on Rel-17 UCI multiplexing framework
In discussion below, we number agreements working assumptions and conclusions reached in previous meetings with A-1, A-2, etc.

RAN1#106-e (Aug. 2021)
	Working Assumption (A-1)
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable



RAN1#106bis-e (Oct. 2021)
	Agreement (A-2)
The following working assumption is confirmed.
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable

Agreement (A-3)
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1



RAN1#107-e (Nov. 2021)
	Agreement (A-4)
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 




Regarding step 2.1, the following were agreed: 
RAN1#107bis-e (Jan. 2021)

Agreement (A-5)
For resolving collision of PUCCHs of different priorities without repetitions within a time unit, Step 2.1 consists of the following sub-steps:
· Step 2.1-1: Determine a reference PUCCH resource
· Step 2.1-2: Select O PUCCH resource(s) overlapping with the reference PUCCH resource. 
· Step 2.1-3: Apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s). 
· Step 2.1-4: Loop Step 2.1-1) ~ Step 2.1-3) until there are no overlapping PUCCHs in the time unit.
FFS details

Working Assumption (A-6)
For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, down-select from:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)
· Alt. 2: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH with HARQ-ACK if any. Otherwise, the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s).
· Alt. 3: the LP PUCCH is associated with the last time unit with overlapping HP PUCCH(s)


Agreement (A-7)
For resolving collision of PUCCHs of different priorities without repetition within a time unit, down-select from the following options:
· Option 1:
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select up to one PUCCH resource overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 2: 
· The reference PUCCH resource is determined as in Rel-15, i.e. based on the starting symbol and duration
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· Option 4: 
· The reference PUCCH resource is determined by prioritizing LP PUCCH carrying HARQ-ACK on top of Rel-15 rules
· In step 2.1-2, If a LP PUCCH carrying HARQ-ACK overlaps with multiple HP PUCCHs and one of the HP PUCCH includes HARQ-ACK, only select the HP PUCCH including HARQ-ACK in step 2.1-2; otherwise, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
FFS: Details on time units for all options

The working assumption and agreed candidates from RAN1 #107bis-e provide solutions for several questions:
· The time unit for performing inter-L1 MUX;
· The “membership” of LP PUCCH in case it overlaps multiple HP PUCCHs in different HP time units
· Reference PUCCH resource
· The PUCCH channels included in Set Q

To assign the “membership” of a LP PUCCH in case it overlaps multiple HP PUCCHs in different HP time units, we support Alt. 1. After Step 1.1, there won’t be any overlap among HP PUCCHs. Also with the conclusions below, it is guaranteed any HP PUCCH which is resulted from running the inter-L1 MUX procedure in Step 2.1 won’t overlap with any HP PUCCH (the original HP PUCCHs as inputs to step 2.1 or other resultant HP PUCCHs). Hence Option 3 provides a good solution. 


RAN1 #107bis-e
Conclusion (A-8)
For resolving collision of PUCCHs and/or PUSCHs with different priorities in step 2, a resultant PUCCH with HP and LP UCI is not expected to be overlapped with a HP PUCCH.
· FFS whether a resultant PUCCH with HP and LP UCI can be overlapped with a HP PUSCH.


Conclusion (A-9)
A resultant PUCCH with HP and LP UCI overlapping with a HP PUSCH is considered an error case

With another agreement from RAN1 #107bis-e (copied below), it is clear with HP PUCCH with HARQ-ACK cannot overlap with multiple LP PUCCHs with HARQ-ACK, yet LP PUCCH with HARQ-ACK may overlap with multiple HP PUCCHs with HARQ-ACK, which further points to the advantage of Option 3 over Option 4.    

Agreement (A-10)
For resolving collision of LP PUCCHs and HP PUCCHs in step 2.1, a HP PUCCH with HARQ-ACK is not expected to be overlapped with multiple LP PUCCHs with HARQ-ACK.
· It’s up to the editor whether/how to capture this

In summary we have

Proposal 2-1: For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, Alt. 1 is chosen:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)

Proposal 2-2: For resolving collision of PUCCHs of different priorities without repetition within a time unit, Option 3 is chosen:
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· It is clarified that the earliest starting HP PUCCH in the time unit is chosen as the reference PUCCH resource.







Agreement (A-11)
To apply Rel-17 intra-UE multiplexing/dropping rules to resolve overlapping among the reference PUCCH resource and O PUCCH resource(s) in step 2.1-3, LP PUCCH(s) without HARQ ACK are dropped before multiplexing if multiplexing is to be performed.

Agreement (A-12)
For resolving collision of PUCCHs with different priorities in step 2.1, if resultant PUCCH with HP and LP UCI collides with LP PUCCH without HARQ ACK, the LP PUCCH is dropped.
· A resultant PUCCH with HP and LP UCI is not expected to be overlapped with a LP PUCCH with HARQ-ACK.



The two agreements above essentially address two passes in Step 2.1, the first agreement is about handling of LP PUCCHs overlapping with a HP PUCCH from Step 1.1 (Pass 1) and the second agreement is about handling LP PUCCH overlapping with a resultant HP PUCCH from a previous execution of a Steps 2.1-1~2.1-3 (Pass 2). 

To ensure the resultant HP PUCCH does not overlap with either HP PUCCH (A-8) or HP PUSCH (A-9), two approaches can be considered:
· Put all the burden on the gNB side, so gNB may need to check all possible scheduling decision on its own side, and CG PUSCH/SR generation on the UE side, to guarantee that or at least minimize its occurrence. It is unlikely such an approach would work well in practice.
· Through specification support, the occurrence is avoided by design. In the following we provide consideration for that.


To avoid a resultant HP PUCCH overlapping with HP PUCCH(s) and HP PUSCHs, several alternatives can be considered:
· Alt. 1: the resultant HP PUCCH is constrained as the reference HP PUCCH;
· Alt. 2: the resultant HP PUCCH is constrained to take no other OFDM symbols which are not occupied by the reference HP PUCCH
· Alt. 3: the resultant HP PUCCH is constrained not to overlap with 
·  HP PUCCHs excluding the reference PUCCH, 
· HP PUSCH(s) in all CCs if simultaneous PUCCH/PUSCH is NOT supported/enabled, HP PUSCH(s) in same band as the PUCCHs if simultaneous PUCCH/PUSCH is supported/enabled

Then for Alt.2 and Alt. 3, a tentative step can be taken to check whether a resultant PUCCH would meet the condition laid down for Alt. 2/Alt. 3, if the condition is met, then the resultant HP PUCCH is used for MUXing HP UCI/LP UCI. However, if the condition is not met, then LP UCI(s) is discarded, which results in using the reference HP PUCCH for MUXing HP UCI/LP UCI.
[image: Diagram
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Figure 1 Proposed Rel-17 UCI multiplexing flow

[image: Diagram
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Figure 2 Step 2-1 inter-L1 PUCCH multiplexing by keeping HP PUCCH's footprint

[bookmark: _Toc95657114]Interlace number adjustment
[bookmark: _Toc95657115]Rel-16 design

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:





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), , , maxCodeRate according to the PUCCH format of the selected PUCCH resource,  , , 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.
[bookmark: GrindEQpgref608f795e5][bookmark: _Toc70884372][bookmark: _Toc95657116]Rel-17 PRB number adjustment/interlace number adjustment design
At RAN1 #106bis-e, the following was agreed:
Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs,
· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.
[bookmark: GrindEQpgref608f795e7]The support of intra-L1 priority MUXing for PUCCH format 2 was agreed in RAN1 #107bis-e.

[bookmark: _Toc71283804][bookmark: _Toc71297607][bookmark: _Toc71403244][bookmark: _Toc95657117]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, 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  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
,
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  PRBs by interlace1 and if
,
the UE transmits the HARQ-ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces
- else, the UCI omission procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing  with , or, if the UE is provided interlace1, by .

[bookmark: GrindEQpgref608f795e9][bookmark: _Toc95657118]Summary
In this section, we treat PRB number adjustment in Rel-17. We have 


Proposal 3-1: If a UE is provided a first interlace of  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
,
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  PRBs by interlace1 and if
,
the UE transmits the HARQ-ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces
- else, the UCI omission procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing  with , or, if the UE is provided interlace1, by .

[bookmark: GrindEQpgref608f795e10]
[bookmark: GrindEQpgref608f795e13][bookmark: GrindEQpgref608f795e14][bookmark: _Toc95657119]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 determined. 

[image: Chart

Description automatically generated]
Figure 9-1 UCI mapping for UCI part I in Rel-15

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. 

[image: Table
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Figure 9-2 Rel-15 design


In Rel-15:
· In no CSI report is not of two parts, UCI multiplexing for HARQ-ACK, SR and CSI are jointly encoded.
· If at 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. 
[image: Diagram
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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 II 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 II 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,  and , according to the following, where  and ”.



With proposed solutions below,  and  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 Format 2
	PUCCH Format 3
	PUCCH Format 4

	Joint encoding of UCIs
	
X
	
X
	
X

	Separate encoding of UCIs
	
	
X
	
X


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 UCIs is supported over PUCCH format 2. 

[bookmark: _Toc95657120]Separate encoding HP HARQ-ACK and LP HARQ-ACK

With separate encoding, the following mapping can be considered. 
[image: Diagram
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Figure 4-1 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 UCIs 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 II are both absent in the UCI multiplexing as shown in the figure below. 

[image: Diagram
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Figure 4-2 Separate encoding for HARQ-ACK/SR only
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Figure 4-3(a) UCI mapping for separate encoding of HP/LP HARQ-ACK (1)
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Figure 4-3(b) UCI mapping for separate encoding of HP/LP HARQ-ACK (2)
Proposal 4-1: leverage the Rel-15 design, LP HARQ-ACK is mapped to UCI Part II in separate encoding, adopt the UCI mapping in Figures 4-3a/4-3b.

[bookmark: _Toc95657121]UCI multiplexing over PUSCH
In Rel-17 URLLC, many features are introduced under HARQ-ACK feedback enhancements, we need to discuss the joint operation of SPS HARQ deferral and intra-UE MUX, and HARQ-ACK retransmission and intra-UE MUX.

For the joint operation of SPS HARQ deferral, If HARQ-ACK feedback at a given UCI part consists of two parts, and HARQ-ACK feedback comprises initial HARQ-ACK and deferred SPS HARQ-ACK, some of kind of compaction scheme can be also considered to fit in the UCI part.

For the joint operation of one shot HARQ retransmission, If HARQ-ACK feedback at a given UCI part consists of two parts, and HARQ-ACK feedback comprises initial HARQ-ACK and retransmitted one-shot HARQ-ACK, some of kind of compaction scheme can be also considered to fit in the UCI part.

Proposal 5-1: When UCI part 1 or UCI part 2’s capacity is exceeded, part of the HARQ-ACK feedback (initial HARQ bits / Type 1 or Type 2 codebook/deferred SPS HARQ-ACK) can be dropped.

Proposal 5-2: When UCI part 1 or UCI part 2’s capacity is exceeded, part of the HARQ-ACK feedback (initial HARQ codebook/retransmitted HARQ codebook) can be dropped.


[bookmark: _Toc95657122]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.
[bookmark: _Toc95657123] Design history in NR
In Rel-15, for PUCCH formats 2/3/4, evaluations on the candidates for ΔPUCCH_TF,c(i) were conducted. It was assumed that 
· For  2 < OUCI ≦11 bits, When RM code is used, the coding gain is considered linear.  
· For  12 ≦ OUCI ≦19 bits,  Polar code with 6-bit CRC is used.   
· For  19 bits <  OUCI ,  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 PF0/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 RAN1 #92, the following were agreed for NR:

Agreement:
· For PUCCH format 2, 3, and 4, for the case of small UCI payload size (less than or equal to 11)
· ΔPUCCH_TF,c(i) = 10log10(K2∙BPRES(i)) where
· BPRES(i) = OUCI(i)/NRE(i)
· OUCI(i) is the actual number of UCI bits transmitted in i excluding the known bits as in LTE
· NRE(i) = MPUCCH,c(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), ΔPUCCH_TF,c(i) is equal to ΔPUCCH_TF,c(i) = 10log10(2K1∙BPRE(i) – 1)
· BPRE(i) = OUCI(i)/NRE(i) 
· OUCI(i) is the number of UCI bits including CRC bits in i 
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K1 (there is no new RRC parameter introduced)



While the use of OUCI(i) is more straightforward, the derivation of [image: ] can be found from the specification text below:
[image: ] 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.[image: ]is the same as [image: ] 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, [image: ] if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, [image: ]

And tracing back the discussion history in LTE,  (which is the LTE counterpart of  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   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  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 [image: ] is intended to be used for the case with Reed-Muller code. 

[bookmark: _Toc95657124] 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 ( and ).  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. 
[image: Diagram
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Figure 4-1 Separate encoding for HP HARQ-ACK and LP HARQ-ACK
[image: Diagram
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Figure 4-2 Separate encoding for HARQ-ACK/SR only
[image: ][image: ]
Figure 6-3 Delta factors for Reed-Muller code and Polar code 
(Note: per symbol is equivalent to per RE in this case)

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 1 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.
[bookmark: _Toc95657125] Proposed 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 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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Figure 6-4 UCI mapping for separate encoding of HP/LP HARQ-ACK (1). 
[image: A picture containing text
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Figure 6-5 UCI mapping for separate encoding of HP/LP HARQ-ACK (2). 
In the tables above, L is the number of CRC bits which can be zero, is the modulation order.  are the number of coded bits for both UCI parts and UCI part 1 respectively,   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  is determined from UCI part 1: 
· The number of resource elements for UCI part 1  where   is the number of coded bits for UCI part 1
· If    is smaller or equal to 11,
· 
· If a HARQ-ACK codebook with  bits is included in UCI part 1, [image: ] is used instead of  for the HARQ-ACK codebook:
· 	
· 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  can be applied to each HARQ-ACK codebook.
· The subscript i in [image: ] is  dropped as there are multiple .

· otherwise
· where 
· [image: ] and 
· 

· And  =  is applied to both UCI parts.

We have
Proposal 6-1:  For PUCCH formats 2/3/4, the delta factor  is determined from UCI part 1: 
· The number of resource elements for UCI part 1  where   is the number of coded bits for UCI part 1
· If    is smaller or equal to 11,
· 
· If a HARQ-ACK codebook with  bits is included in UCI part 1, [image: ] is used instead of  for the HARQ-ACK codebook:
· 	
· 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  can be applied to each HARQ-ACK codebook.

· otherwise
· where 
· [image: ] and 
· 

· And  =  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 . 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.

At RAN1 #107-e, the following was agreed:

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.


In TS 38.213 v17.0.0, the specification text to capture the RAN1 #107-e agreement reads:


If a UE transmits a PUCCH that includes HARQ-ACK information bits of priority 0 and 1 using PUCCH format 3 or PUCCH format 4, the UE determines a power for the PUCCH transmission, as described in clause 7.2.1, assuming that the PUCCH includes only UCI bits of priority 1, where .

For PUCCH format 3, the above specification text is correct w.r.t. the agreement from RAN1 #107-e. For PUCCH format 4, as spreading factor is used to determine REs after encoding processing, for example with the HP HARQ bits at 6 bits , ,  then , which does not include the effect of spreading through OCC. And the issue can be also looked at by the formula in the CR itself, the first term in the bracket considering OCC already, but the second does not. 
.
We have 
Observation 6-1: the issue for PUCCH format 4 needs to be tackled. Proposal 13-1 above provides a solution for that.
As for PUCCH format 2, the design in Proposal 13-1 naturally covers it.

Note the difference between [image: ] and  was identified as important in LTE and NR essentially inherits the design. We don’t see the point to abandon that in Rel-17. 

We have 
Observation 6-2: It is natural to retain the difference between [image: ] and  .  
[bookmark: _Toc95657126]Simultaneous PUCCH and PUSCH transmissions
The following was agreed:
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function.
· 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:




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.

Proposal 7: PUSCH selection rule for UCI multiplexing can be modified if joint operation of simultaneous PUCCH/PUSCH transmission and inter-L1 priority multiplexing is enabled.
[bookmark: _Toc95657127]Conclusion
In this contribution, we provide our views on UCI multiplexing design and other design issues in Rel-17. We have 

Proposal 2-1: For resolving collision of PUCCHs of different priorities without repetition within a time unit, the time unit of HP HARQ-ACK is used. For a LP PUCCH overlapping with multiple time units, Alt. 1 is chosen:
· Alt. 1: the LP PUCCH is associated with the first time unit with overlapping HP PUCCH(s)

Proposal 2-2: For resolving collision of PUCCHs of different priorities without repetition within a time unit, Option 3 is chosen:
· Option 3: 
· The reference PUCCH resource is determined by prioritizing HP PUCCH over LP PUCCH on top of Rel-15 rules
· In step 2.1-2, select all the PUCCH resources overlapping with the reference PUCCH resource according to Rel-15 pseudo code 
· It is clarified that the earliest starting HP PUCCH in the time unit is chosen as the reference PUCCH resource.

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), , , maxCodeRate according to the PUCCH format of the selected PUCCH resource,  , , 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.

Proposal 3-1: If a UE is provided a first interlace of  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
,
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  PRBs by interlace1 and if
,
the UE transmits the HARQ-ACK, SR, and CSI reports bits in a PUCCH over both the first and second interlaces
- else, the UCI omission procedure is same as the corresponding one when the UE is provided PUCCH-ResourceSet by replacing  with , or, if the UE is provided interlace1, by .

Proposal 4-1: leverage the Rel-15 design, LP HARQ-ACK is mapped to UCI Part II in separate encoding, adopt the UCI mapping in Figures 4-3a/4-3b.

Proposal 5-1: When UCI part 1 or UCI part 2’s capacity is exceeded, part of the HARQ-ACK feedback (initial HARQ bits / Type 1 or Type 2 codebook/deferred SPS HARQ-ACK) can be dropped.

Proposal 5-2: When UCI part 1 or UCI part 2’s capacity is exceeded, part of the HARQ-ACK feedback (initial HARQ codebook/retransmitted HARQ codebook) can be dropped.

Observation 6-1: the issue for PUCCH format 4 needs to be tackled. Proposal 13-1 above provides a solution for that.
Observation 6-2: It is natural to retain the difference between [image: ] and  .  

Proposal 6-1:  For PUCCH formats 2/3/4, the delta factor  is determined from UCI part 1: 
· The number of resource elements for UCI part 1  where   is the number of coded bits for UCI part 1
· If    is smaller or equal to 11,
· 
· If a HARQ-ACK codebook with  bits is included in UCI part 1, [image: ] is used instead of  for the HARQ-ACK codebook:
· 	
· 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  can be applied to each HARQ-ACK codebook.

· otherwise
· where 
· [image: ] and 
· 

· And  =  is applied to both UCI parts.


Proposal 7: PUSCH selection rule for UCI multiplexing can be modified if joint operation of simultaneous PUCCH/PUSCH transmission and intra-L1 priority multiplexing is enabled.
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[bookmark: _Toc95657129]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-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16.
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If a UE transmits a PUCCH on active UL BWP [image: ] of carrier [image: ] in the primary cell [image: ] using PUCCH power control adjustment state with index [image: ], the UE determines the PUCCH transmission power [image: ] in PUCCH transmission occasion [image: ] as
[image: ] [dBm]
where 
-	[image: ] 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 [image: ] of primary cell [image: ] in PUCCH transmission occasion [image: ]
-	[image: ] is a parameter composed of the sum of a component [image: ], provided by p0-nominal, or [image: ] dBm if p0-nominal is not provided, for carrier [image: ] of primary cell [image: ] and, if provided, a component [image: ] provided by p0-PUCCH-Value in P0-PUCCH for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ], where [image: ]. [image: ] is a size for a set of [image: ] values provided by maxNrofPUCCH-P0-PerSet. The set of [image: ] values is provided by p0-Set. If p0-Set is not provided to the UE, [image: ], [image: ]
-	If the UE is provided PUCCH-SpatialRelationInfo, the UE obtains a mapping, by an index provided by p0-PUCCH-Id, between a set of pucch-SpatialRelationInfoId values and a set of p0-PUCCH-Value values. If the UE is provided more than one values for pucch-SpatialRelationInfoId and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfoId, 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 [image: ] where [image: ] is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and [image: ] 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 P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set
-	[image: ] is a bandwidth of the PUCCH resource assignment expressed in number of resource blocks for PUCCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and [image: ] is a SCS configuration defined in [4, TS 38.211]
-	[image: ]is a downlink pathloss estimate in dB calculated by the UE using RS resource index [image: ] as described in Clause 7.1.1 for the active DL BWP [image: ] of carrier [image: ] of the primary cell [image: ] as described in Clause 12
-	If the UE is not provided pathlossReferenceRSs or before the UE is provided dedicated higher layer parameters, the UE calculates [image: ] 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
-	If the UE is provided a number of RS resource indexes, the UE calculates [image: ] using RS resource with index [image: ], where [image: ]. [image: ] 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-Id 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-Id in PUCCH-PathlossReferenceRS
-	If the UE is provided pathlossReferenceRSs and PUCCH-SpatialRelationInfo, the UE obtains a mapping, by indexes provided by corresponding values of pucch-PathlossReferenceRS-Id, between a set of pucch-SpatialRelationInfoId values and a set of referenceSignal values provided by PUCCH-PathlossReferenceRS. If the UE is provided more than one values for pucch-SpatialRelationInfoId and the UE receives an activation command [11, TS 38.321] indicating a value of pucch-SpatialRelationInfoId, the UE determines the referenceSignal value in PUCCH-PathlossReferenceRS through the link to a corresponding pucch-PathlossReferenceRS-Id index. The UE applies the activation command in the first slot that is after slot [image: ] where [image: ] is the slot where the UE would transmit a PUCCH with HARQ-ACK information for the PDSCH providing the activation command and [image: ] is the SCS configuration for the PUCCH 
-	If PUCCH-SpatialRelationInfo includes servingCellId indicating a serving cell, the UE receives the RS for resource index [image: ] on the active DL BWP of the serving cell
-	If the UE is provided pathlossReferenceRSs and is not provided PUCCH-SpatialRelationInfo, the UE obtains the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with 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-SpatialRelationInfo, and
-	is provided enableDefaultBeamPL-ForPUCCH, and 
-	is not provided coresetPoolIndex value of 1 for any CORESET, or is provided coresetPoolIndex 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  providing a periodic RS resource configured with with qcl-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  applies to the PUCCH transmission in each of the multiple slots.
-	The parameter [image: ] is a value of deltaF-PUCCH-f0 for PUCCH format 0, deltaF-PUCCH-f1 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 .
-	[image: ] is a PUCCH transmission power adjustment component on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ]
-	For a PUCCH transmission using PUCCH format 0 or PUCCH format 1, [image: ] where 
-	[image: ] is a number of PUCCH format 0 symbols or PUCCH format 1 symbols for the PUCCH transmission as described in Clause 9.2.
-	[image: ] for PUCCH format 0 
-	[image: ] for PUCCH format 1
-	[image: ] for PUCCH format 0 
-	[image: ] for PUCCH format 1, where [image: ] is a number of UCI bits in PUCCH transmission occasion [image: ] 
-	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, [image: ], where 
-	[image: ]
-	[image: ] 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.[image: ]is the same as [image: ] 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, [image: ] if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, [image: ]
-	[image: ] is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
-	[image: ] is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2
-	[image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and [image: ] is a number of symbols excluding symbols used for DM-RS transmission, as defined in Clause 9.2.5.2, for PUCCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] 
-	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, [image: ], where 
-	[image: ]
-	[image: ]
-	[image: ] 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, 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, [image: ] if the UE includes a HARQ-ACK information bit in the PUCCH transmission; otherwise, [image: ]
-	[image: ] is a number of SR information bits that the UE determines as described in Clause 9.2.5.1
-	[image: ] is a number of CSI information bits that the UE determines as described in Clause 9.2.5.2 
-	[image: ] is a number of CRC bits that the UE determines as described in Clause 9.2
-	[image: ] is a number of resource elements that the UE determines as [image: ], where [image: ] is a number of subcarriers per resource block excluding subcarriers used for DM-RS transmission, and [image: ] is a number of symbols excluding symbols used for DM-RS transmission, as defined in Clause 9.2.5.2, for PUCCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ].
[bookmark: _Hlk534811171]-	For the PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and PUCCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format scheduling a PDSCH reception for active UL BWP [image: ] of carrier [image: ] of the primary cell [image: ] that the UE detects for PUCCH transmission occasion [image: ], 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
-	[image: ] if the UE is provided twoPUCCH-PC-AdjustmentStates and PUCCH-SpatialRelationInfo and [image: ] 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-Id, between a set of pucch-SpatialRelationInfoId values and a set of values for closedLoopIndex that provide the [image: ] value(s). If the UE receives an activation command indicating a value of pucch-SpatialRelationInfoId, the UE determines the value closedLoopIndex that provides the value of [image: ] 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 [image: ] value is provided by the closed loop indicator field in DCI format 2_2
-	[image: ] is the current PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] and PUCCH transmission occasion [image: ], where 
-	The [image: ] values are given in Table 7.1.2-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUCCH transmission occasion [image: ] and [image: ] symbols before PUCCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] for PUCCH power control adjustment state, where [image: ] is the smallest integer for which [image: ] symbols before PUCCH transmission occasion [image: ] is earlier than [image: ] symbols before PUCCH transmission occasion [image: ]
-	If the PUCCH transmission is in response to a detection by the UE of a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] 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, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ]
-	If the UE has reached maximum power for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] at PUCCH transmission occasion [image: ] and [image: ], then [image: ]
-	If UE has reached minimum power for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] at PUCCH transmission occasion [image: ] and [image: ], then [image: ] 
-	If a configuration of a [image: ] value for a corresponding PUCCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of primary cell [image: ] is provided by higher layers, 
-	[image: ]
	If the UE is provided PUCCH-SpatialRelationInfo, the UE determines the value of [image: ] from the value of [image: ] based on a pucch-SpatialRelationInfoId value associated with the p0-PUCCH-Id value corresponding to [image: ] and with the closedLoopIndex value corresponding to [image: ]; otherwise, [image: ]
-	Else, 
-	[image: ], where [image: ], and [image: ] 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-RNTI that the UE detects in a first PDCCH reception in a search space set provided by recoverySearchSpaceId 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 [image: ] of carrier [image: ] of primary cell [image: ], 
[image: ]; 
otherwise, 
[image: ] where [image: ] is 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 [image: ] of carrier [image: ] of primary cell [image: ], and [image: ] 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 [image: ] values
	TPC Command Field 
	Accumulated [image: ] [dB]

	0
	-1

	1
	0

	2
	1

	3
	3
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If a UE is provided a first interlace of Mf;}tjgrclielo 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 Oyc; UCI bits

and

- if (Oack + Osg + Ocsi + Ocre) < Miisiseno - Nisowt - Nepoct - @ - 7, 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&E{ﬁgg,l PRBs by interlacel and if (Oxcg + Osr + Ocsp +

Ocrc) < (MBSt o + MEUSSH 1) - NEB ) - NEUGSr - @ - 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
MERCH with Mﬂ%ﬁgg,o, or, if the UE is provided interlacel, with Mﬁgﬁg&o + Mﬂ%ﬁgc%,l.
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If a UE is provided a first interlace of  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  UCI bits

and

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

-	else if the UE is provided a second interlace of  PRBs by interlace1 and if , 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  with , or, if the UE is provided interlace1, with .
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Table 6.3.1.4.1-1: Rate matching output sequence length Eya
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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) enRE€. 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
o  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.









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: 

•

  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) on PCC. 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) 

•

  Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective 

ConfiguredGrantConfig or semiPersistentOnPUSCHconfigured grant PUSCHs 

•

  Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > 

PUSCHs on CC serving cell with larger CC serving cell index 

•

  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. 
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· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCHconfigured grant PUSCHs
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