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1 Introduction
In this contribution, we firstly discuss the inconsistencies between the specifications and agreements for UL control.
In RAN1 #92bis and 93, the issue of PUCCH partial overlap was discussed with working assumptions. However, the final agreements have not been made. Therefore, we also discuss the remaining issue of partial overlapping of UL channels in this contribution.
2 Text proposals for uplink control
2.1 PUCCH format 1
The parameter,
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----------------------------------------------------------Text proposals------------------------------------------------------------
	6.3.2.4
PUCCH format 1

6.3.2.4.1
Sequence modulation

……
The orthogonal sequence 
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 is given by Table 6.3.2.4.1-2 where 
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 is the index of the orthogonal sequence to use according to subclause 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots according to subclause 9.2.6 of [5, TS38.213], the complex-valued symbol 
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 is repeated for the subsequent slots.
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Table 6.3.2.4.1-2: Orthogonal sequences 
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 for PUCCH format 1. 
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---------------------------------------------------End of text proposals-----------------------------------------------------------
2.2 UCI multiplexing
Based on the agreements made in RAN1 #92bis, A-CSI-only on PUSCH cannot be transmitted when the PUSCH overlapped with a PUCCH for SR/HARQ-ACK. 

Agreements:

· For SP-CSI on PUSCH or A-CSI-only on PUSCH colliding with SR/HARQ-ACK with the same starting symbol within the same CC, adopt the proposals in the table below 

	SP-CSI on PUSCH without UL-SCH
	A-CSI-only on PUSCH without UL-SCH
	HARQ-ACK
	SR
	Proposal

	
	*
	
	· 
	Drop A-CSI-only on PUSCH, transmit SR on PUCCH. (follow LTE approach)

	
	*
	*
	*
	Drop A-CSI-only on PUSCH, transmit SR and HARQ-ACK on PUCCH. (follow LTE approach) 

	*
	
	
	*
	Drop SP-CSI on PUSCH, transmit SR on PUCCH (follow LTE approach)

	*
	
	*
	*
	Drop SP-CSI on PUSCH, transmit HARQ-ACK and SR on PUCCH (follow LTE approach)


Current description in TS 38.213 (section 9) leads to ambiguity that when aperiodic CSI is transmitted in PUSCH w/o UL-SCH, other overlapped UCI is multiplexed in the PUSCH.
	9
UE procedure for reporting control information
……
If a UE multiplexes aperiodic CSI in a PUSCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH. 
……


Proposal 1: The description of multiplexing UCI on a PUSCH with aperiodic CSI should be modified.

-------------------------------------------------------Text proposals---------------------------------------------------------------
	9
UE procedure for reporting control information
……
If a UE multiplexes aperiodic CSI in a PUSCH with UL-SCH and the UE would multiplex UCI in a PUCCH that overlaps with the PUSCH, the UE multiplexes the UCI in the PUSCH. 
……


---------------------------------------------------End of text proposals------------------------------------------------------------
2.3 PUCCH resource sets

In RAN1 #91, the agreements for PUCCH resource allocation were made:

Agreements:

· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 

· PUCCH resource set i for UCI payload size  is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)

· N0=1, N1=3

· For i=2, …, K-1, Ni is UE-specifically configured 

· The value is in the range of {4, [256]} with a granularity of [4] bits

· NK= a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS 
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short PUCCH and resources for long PUCCH.
Based on the current description in TS 38.213 (section 9.2.1), when up to two or three PUCCH resource sets are configured to one UE, the maximum number of UCI bits for the second or third PUCCH resource set must be configured to 1706. Such limitation is not aligned with the agreements made in RAN1#91.

	9.2.1
PUCCH Resource Sets

…….

A UE can be configured up to four sets of PUCCH resources by higher layer parameter PUCCH-ResourceSet. A PUCCH resource set is associated with a PUCCH resource set index provided by higher layer parameter pucch-ResourceSetId, with a set of PUCCH resource indexes provided by higher layer parameter resourceList that provides a set of pucch-ResourceId used in the PUCCH resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the PUCCH resource set provided by higher layer parameter maxPayloadMinus1. For the first PUCCH resource set, the maximum number of UCI information bits is fixed to two. For the PUCCH resource set with the largest index, other than the first one, the maximum number of UCI information bits is 1706. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by higher layer parameter maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other sets of PUCCH resources is 8. 

……


Furthermore, the maximum number of UCI bits can be configured to the second or the third PUCCH resource set has been limited to 256*4=1024 in TS38.331. The limitation of the maximum number of UCI bits for the second or third PUCCH resource set in TS38.213 is not necessary.
	–
PUCCH-Config

The IE PUCCH-Config is used to configure UE specific PUCCH parameters (per BWP).

PUCCH-Config information element

PUCCH-ResourceSet ::=




SEQUENCE {


pucch-ResourceSetId





PUCCH-ResourceSetId,


resourceList




SEQUENCE (SIZE (1..maxNrofPUCCH-ResourcesPerSet)) OF PUCCH-ResourceId,


maxPayloadMinus1





INTEGER (4..256)













OPTIONAL
-- Need R

}




Proposal 2: Confirming the range of the second or third PUCCH resource set is {4, 256} with a granularity of 4 bits.
Proposal 3: The description of the maximum number of UCI bits for the PUCCH resource set in TS 38.213 should be removed.

-------------------------------------------------------Text proposals---------------------------------------------------------------
	9.2.1
PUCCH Resource Sets

…….

A UE can be configured up to four sets of PUCCH resources by higher layer parameter PUCCH-ResourceSet. A PUCCH resource set is associated with a PUCCH resource set index provided by higher layer parameter pucch-ResourceSetId, with a set of PUCCH resource indexes provided by higher layer parameter resourceList that provides a set of pucch-ResourceId used in the PUCCH resource set, and with a maximum number of UCI information bits the UE can transmit using a PUCCH resource in the PUCCH resource set provided by higher layer parameter maxPayloadMinus1. For the first PUCCH resource set, the maximum number of UCI information bits is fixed to two. A maximum number of PUCCH resource indexes for a set of PUCCH resources is provided by higher layer parameter maxNrofPUCCH-ResourcesPerSet. The maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other sets of PUCCH resources is 8. 

……


---------------------------------------------------End of text proposals-----------------------------------------------------------
2.4 Slot timing for HARQ-ACK transmission

The determination of slot for PUCCH transmission in TS 38.213 section 9.2.3 is not applicable for the case of the numerologies of PDSCH/PDCCH and PUCCH used to transmit corresponding HARQ-ACK are different.

Proposal 4: The determination of slot for HARQ-ACK transmission should be modified.
----------------------------------------------------Text proposal ------------------------------------------------------------------
	9.2.3
UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 

For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of number of slots provided by higher layer parameter dl-DataToUL-ACK as defined in Table 9.2.3-1. 

For a SPS PDSCH reception in slot [image: image17.wmf]n

, the UE transmits the PUCCH in slot 
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 is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception, and 
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are the subcarrier spacing configurations for PUCCH and SPS PDSCH, respectively. 

If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception in slot [image: image23.wmf]n

, the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 where 
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 is provided by higher layer parameter dl-DataToUL-ACK, and 
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 is the subcarrier spacing configuration for PUCCH and 
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is the subcarrier spacing configuration for PDCCH in slot [image: image29.wmf]n

.

With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception in slot [image: image30.wmf]n

 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: image31.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK, and 
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is the subcarrier spacing configuration for PUCCH and 
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is the subcarrier spacing configuration for PDSCH in slot [image: image37.wmf]n

 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception in slot [image: image38.wmf]n
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---------------------------------------------------End of text proposal ------------------------------------------------------------
3 Partial overlapping of UL channels
The following working assumptions were made in RAN1#92bis and 93 for partial overlapping:

Working assumption:

· When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group,

· The UE multiplex all UCIs on either one PUCCH or one PUSCH, using the existing UCI multiplexing rule, if both following conditions are satisfied:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) 

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including HARQ-ACK and PUSCH (if applicable) for slot n

· If at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified. 

· The definition of N1 and N2 follows the same definition in current NR spec. 

· X and Y are non-negative integer values.

· FFS on values of X and Y 

· FFS on timeline requirement for multiplexing UCIs on PUSCH with A-CSI. 

· FFS how to handle one PUCCH overlap with multiple PUSCHs which satisfy timeline requirement.

· FFS: how to handle HARQ-ACK for semi-static PDSCH.

· FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.

· FFS: how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH or PUSCH.

· Note: The above proposal does not override the dropping rules defined for ACK/SR colliding with A-CSI-only on PUSCH without UL-SCH, or ACK/SR colliding with SP-CSI on PUSCH without UL-SCH. 

· Note: Consider how to handle PUCCH colliding with other UL channels in NR Rel. 15 June drop when URLLC is taking into account.

IWorking assumption:

· In the WA of timeline requirements on overlapping UL channels made in RAN1 92bis, 
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· If 
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· If 
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· If 
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· Note: T is based on the 
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 as specified in 38.214.

· Note: the definition ofs 
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 follows the same definitions in TS 38.214. 
3.1 With at least one DCI scheduling UL transmission for slot n

The working assumption is aimed to provide a simple and unique solution for PUCCH partial overlap. However, in our opinion, the working assumption needs to be modified based on the following cases:

· Case 1: ACK/NACK for dynamic PDSCH + PUSCH/PUCCH

The working assumption is applicable for this case, as shown in Figure 1 and 2. If the ACK/NACK overlaps with a PUSCH, the ACK/NACK bits are piggybacked on the PUSCH. If the ACK/NACK overlaps with a PUCCH, all UCIs are multiplexed on the PUCCH indicated by ARI.


[image: image53.emf]PUSCH

AN

PDSCH

T1=N1+X

T2=N2+Y

DCI

DCI


Figure 1: ACK/NACK for dynamic PDSCH + dynamic PUSCH
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Figure 2: ACK/NACK for dynamic PDSCH + P-CSI/SP-CSI/SR

· Case 2: ACK/NACK for SPS PDSCH + dynamic PUSCH

The working assumption is also applicable for case 2, as shown in Figure 3. The ACK/NACK bits are piggybacked on the PUSCH. 
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Figure 3: ACK/NACK for SPS PDSCH + dynamic PUSCH
· Case 3: P-CSI/SP-CSI/SR + dynamic PUSCH
For case 3, the first original condition cannot be satisfied, since there is no PDSCH used to determine T1. As shown in Figure 4, P-CSI/SP-CSI/SR should be piggybacked on the dynamic PUSCH, if following condition is satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling UL transmissions including PUSCH for slot n.
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Figure 4: P-CSI/SP-CSI/SR + dynamic PUSCH
For the above cases, if at least one pair of overlapping channels does not meet the above timeline requirements, UE consider it is an error case for all UL channels in the group of overlapping channels. UE behavior is not specified.
Proposal 5: When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group with the PDCCH(s) scheduling UL transmission including HARQ-ACK (if any) and PUSCH (if applicable) for slot n, the conditions for UCI multiplexing are:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) (if any)

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of the PDCCH(s).

3.2 Without DCI scheduling UL transmission for slot n

The above principle for partial overleap with dynamic DCI scheduling UL transmission for slot n should be reused as much as possible.
· Case A: ACK/NACK for SPS PDSCH + SPS-PUSCH/SP-CSI/P-CSI/SR
ACK/NACK for SPS PDSCH is multiplexed with SPS-PUSCH/SP-CSI/P-CSI/SR in slot n, if both following conditions are satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of SPS-PDSCH 

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of SPS-PDSCH.
Otherwise, UE behavior in slot n is not specified.
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Figure 5: ACK/NACK for SPS PDSCH + semi-statically configured PUCCH or PUSCH
Proposal 6: When ACK/NACK for SPS PDSCH overlaps with SPS-PUSCH/SP-CSI/P-CSI/SR in slot n, the conditions for UCI multiplexing are:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of SPS-PDSCH(s)
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of SPS-PDSCH.
· Case B: Overlap between any combination of SR, SPS-PUSCH, SP-CSI and P-CSI

As shown in Figure 6, the UCIs/UL data are multiplexed in one PUCCH or PUSCH in slot n, using the existing UCI multiplexing rule, if following condition is satisfied:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of the last PUCCH(s)/PUSCH(s) among all the overlapping channels in the last transmission.
Otherwise, UE behavior in slot n is not specified.
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Figure 6: SR + SPS-PUSCH/SP-CSI/P-CSI or SPS-PUSCH + SP-CSI/P-CSI
Proposal 7: When SR overlaps with SPS-PUSCH/SP-CSI/P-CSI, or SP-CSI/P-CSI overlaps with SPS-PUSCH in slot n, the conditions for UCI multiplexing are:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of the last PUCCH(s)/PUSCH(s) among all the overlapping channels in the last transmission.

3.3 The values of X and Y

In order to guarantee there is enough time to multiplex UCI(s) in one channel and reduce the probability of error cases, we propose that X = 1+d1,2 and Y = 1.
Proposal 8: The value of X equals to 1+ d1,2, where d1,2 is defined in Subclause 5.3 of TS 38.214. The value of Y equals to 1.

4 Conclusions
In this contribution, we show our views on the inconsistencies between the specifications and agreements for UL control with following proposals:
Proposal 1: The description of multiplexing UCI on a PUSCH with aperiodic CSI should be modified.

Proposal 2: Confirming the range of the second or third PUCCH resource set is {4, 256} with a granularity of 4 bits.
Proposal 3: The description of the maximum number of UCI bits for the PUCCH resource set in TS 38.213 should be removed.

Proposal 4: The determination of slot for HARQ-ACK transmission should be modified.
Furthermore, we discuss the open issues on partial overlapping of UL channels with following proposals:
Proposal 5: When single-slot PUCCH overlaps with single-slot PUCCH or single-slot PUSCH in slot n for a PUCCH group with the PDCCH(s) scheduling UL transmission including HARQ-ACK (if any) and PUSCH (if applicable) for slot n, the conditions for UCI multiplexing are:

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH(s) (if any)

· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of the PDCCH(s).

Proposal 6: When ACK/NACK for SPS PDSCH overlaps with SPS-PUSCH/SP-CSI/P-CSI/SR in slot n, the conditions for UCI multiplexing are:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of SPS-PDSCH(s)
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of SPS-PDSCH.
Proposal 7: When SR overlaps with SPS-PUSCH/SP-CSI/P-CSI, or SP-CSI/P-CSI overlaps with SPS-PUSCH in slot n, the conditions for UCI multiplexing are:
· If the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the beginning of the last PUCCH(s)/PUSCH(s) among all the overlapping channels in the last transmission.

Proposal 8: The value of X equals to 1+ d1,2, where d1,2 is defined in Subclause 5.3 of TS 38.214. The value of Y equals to 1.
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