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1 Introduction
This contribution discusses some open issues regarding UCI transmission and also provides corrections to UCI feedback procedures in the current Rel-15 specification.
2 Discussion
2.1 On PUCCH determination rules for overlapping PUCCHs 

2.1.1 Clarification f of Step 1
In RAN1#93 meeting, the following agreement was made to replace the original Step 1 agreed to under the UCI multiplexing agenda. 

	Agreements for new step1:
· For step 1, while there are overlapping PUCCH resources in a slot,

· The UE determines the PUCCH resource (resource A) that overlaps with at least another PUCCH resource with the priority order of earliest followed by largest duration (if applicable)

· In case of multiple candidates for resource A, the UE can pick one (implementation-specific)

· The UE determines a set of PUCCH resources (resource set X) overlapping with PUCCH resource A. 

· The UE determines a PUCCH resource and corresponding UCI for multiplexing the PUCCH resource A and PUCCH resources in set X in one shot.

· The determined PUCCH resource and the corresponding UCI replace resource set X and resource A 

· For step 1, when there is no more overlapping PUCCH resources in the slot, the UE determines “the timeline requirements for overlapping UL channels”. If the requirement is met, the UE proceeds to Step 2. 

· Note: the above is per PUCCH group

· The above agreements is to replace Step 1 in the agreements under 7.1.3.2.3


According to this agreement, when there is no more overlapping, it means Step 1 is finished and the final result may be one or multiple PUCCHs in TDM manner, i.e. multiple non-overlapping PUCCH resources may be the outcome of Step 1. Consider the example Case1 scenario shown in Figure 1(a), where the earliest channel is a HARQ-ACK PUCCH, which overlaps with two CSI resources. The HARQ-ACK PUCCH is the PUCCH resource A and the CSI resources form the resource set X since they overlap with PUCCH resource A. Per Step 1, the UE determines a PUCCH resource to carry HARQ-ACK+CSI1+CSI2, which is considered as the final PUCCH resource in this slot if the timeline condition is satisfied. 
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Figure 1 HARQ-ACK overlapping with two CSI PUCCHs
Consider the Case2 scenario shown in Figure 1(b), where the CSI1 PUCCH is resource A. Here, only HARQ-ACK PUCCH is included in the PUCCH resource set X since CSI2 resource does not overlap with CS1 resource. There are two possible results depending on whether the determined PUCCH resource for carrying HARQ-ACK and CSI1 overlaps with the CSI2 PUCCH resource. Unfortunately, the current description in 38.213 does not support Result1 shown in Figure 1(b), which is not aligned with the agreement as it always produces one final PUCCH resource, whereas more than one resource can be the final outcome based on the Step 1 rules and the set of HARQ-ACK resources configured for the UE. 
Based on the above discussion, we give a TP for the Step 1 procedure with the following changes:
1) The bullets for removing some CSI resource before using the iterative procedure of Step 1 should be removed, since even if there are two or more long PUCCHs in TDM manner, they may be transmitted together on one determined PUCCH resource. If CSI overlaps with HARQ-ACK and the higher layer parameter simultaneousHARQ-ACK-CSI is not TRUE, the final results of Step 1 may be TDM of such CSI and the final PUCCH with HARQ-ACK. If such CSI resources are removed in the very beginning, there is no chance for such CSI transmission anymore.

2) The “while” pseudo-code is modified to support TDM of multiple PUCCH in the Q set but not only one PUCCH in the Q set.

Proposal 1: The TP for section 9.2.5 for the multiplexing rule of multiple PUCCH overlapping should be adopted. 

	9.2.5
UE procedure for reporting multiple UCI types

-------------------------------------------------the unchanged part is omitted-------------------------------------------------
If one of the PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE expects that the first symbol of the earliest PUCCH or PUSCH, among the overlapping PUCCHs and PUSCHs in the slot, is not before symbol 
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 after a last symbol of any corresponding PDSCH or SPS PDSCH release and is not before symbol 
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 corresponding to a PDSCH reception time for the UE PDSCH processing capability,[image: image6.wmf]+
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 are defined in [6, TS 38.214]. A UE does not expect a PUCCH or a PUSCH that is in response to a DCI format detection to overlap with any other PUCCH or PUSCH that does not satisfy the above 
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 timing conditions.
If a UE would transmit multiple PUCCHs in a slot that include HARQ-ACK/SR and CSI and PUCCHs with HARQ-ACK satisfies the above [image: image15.wmf]2

1

1

1

1

,

,

d

d

N

+

+

+

 and [image: image16.wmf]1

2

2

,

d

N

+

+

 timing conditions and does not overlap with any other PUCCH or PUSCH that does not satisfy the above [image: image17.wmf]2
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 timing conditions, the UE multiplexes HARQ-ACK/SR and CSI and determines corresponding PUCCH(s) for transmission in the slot according to the following pseudo-code.
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 to the set of resources for transmission of corresponding PUCCHs in a slot where

-
a resource with an earlier first symbol is placed before a resource with later first symbol

-
for two resources with same first symbol, the resource with longer duration is placed before the resource with shorter duration

-
for two resources with same first symbol and same duration, the placement is arbitrary
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the above three steps for the set [image: image20.wmf]Q
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 in a single resource as described in Subclauses 9.2.5.1 and 9.2.5.2 

set the index of the single resource to [image: image44.wmf]j
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end if

end if

end while

-------------------------------------------------the unchanged part is omitted-------------------------------------------------


2.1.2 Timeline definition for overlapping semi-statically configured transmissions
The working assumption in RAN1 #92bis left as FFS the timeline definition and handling of overlapping semi-statically configured PUCCH and PUCCH/PUSCH transmissions with different starting symbols. We provide an analysis of the different combinations in Table 1.

Table 1: Timeline definition for overlapping semi-statically configured PUCCH/PUSCH with different starting symbols
	SPS HARQ-ACK
	P-/SP-CSI on PUCCH
	SR
	Grant-free PUSCH
	Timeline 

	√
	√
	
	
	Not supported by dropping CSI as discussed in section 2.3

	√
	
	√
	
	When HARQ-ACK is transmitted on SR resource using PUCCH Format 1 for positive SR , at least the N1+X timeline between the end of SPS PDSCH and the beginning of the earliest channel is needed since the UE needs to know whether HARQ-ACK preparation can be finished before the starting symbol of SR resource if SR is the earlier channel.

	
	√
	√
	
	No need for timeline requirement since UE and gNB can always know the overlapping position due to RRC configuration and negative SR is generated if higher layers have not instructed PHY to transmit an SR when HARQ-ACK or CSI is prepared for transmission.

	√
	
	
	√
	At least timeline N1+X between the end of SPS PDSCH and the beginning of the earlier channel is needed, since the UE needs to know whether HARQ-ACK preparation can be finished before the starting symbol of PUSCH when PUSCH is the earlier channel.

	
	√
	
	√
	Different starting symbols precluded by gNB configuration.

	
	
	√
	√
	No such case as BSR can be transmitted on PUSCH.


Proposal 2: If P-/SP-CSI on PUCCH overlaps with SR, or SPS HARQ-ACK overlaps with SR and UCI is multiplexed on the SPS HARQ-ACK resource, there is no need to define and check a timeline. 

Proposal 3: If SPS HARQ-ACK overlaps with grant-free PUSCH, or SPS HARQ-ACK overlaps with SR and UCI is multiplexed on SR resource, timeline N1+X should be satisfied. 

Proposal 4: If P-/SP-CSI on PUCCH overlaps with grant-free PUSCH, UE does not expect to be configured with different starting symbols and the timeline is not needed. 
2.1.3 On SR overlapping with CSI 
In RAN1#92bis meeting, the following agreement was made for the overlapping between CSI and one or more SR. There is still a FFS point on the scenario where a SR PUCCH resource overlaps with two CSI resources, where the CSI resources do not overlap with each other as shown in Figure 2. 
	Agreements:

· When a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot,

· The UE multiplexes all UCIs on the CSI PUCCH resource using the corresponding UCI multiplexing rules for the overlapping PUCCH resources with the same starting symbol.

· FFS: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources


Based on the analysis in section 2.1.2, there is no timeline definition for the overlapping between CSI and SR, which means the Step 1 procedure is not suitable for the overlapping between CSI and SR. Therefore, we can give a multiplexing rule for the overlapping between CSI and SR directly without considering step 1 and timeline. For the case 1 and case 2 in Figure 2, the following multiplexing ways can be considered:

· Alt 1: transmit SR on both CSI resources since SR is overlapped with both CSI transmissions
· Alt 2: transmit SR on one of the CSI resources, such as always transmit SR on the first CSI resource
Considering that there may be multiple SR configurations with overlapping occasion as in Figure 2, [image: image51.wmf](
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bits SR will be transmitted on each CSI resource with Alt 1, which is not a negligible redundancy. Hence, we prefer Alt 2.
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Figure 2 SR PUCCH overlapping with two time division multiplexed CSI PUCCHs
Proposal 5: When one SR occasion overlapping with two CSI PUCCH resources and the two CSI PUCCH resources are in TDM manner, SR is transmitted on the first CSI PUCCH resource.
2.1.4 HARQ-ACK/CSI PUCCH overlapping with two time division multiplexed SR PUCCHs
The case of HARQ-ACK/CSI overlapping with multiple SR configurations needs further consideration. Two scenarios are shown in Figure 3, where in Case 1, the HARQ-ACK/CSI is resource A whereas in Case 2, SR1 is resource A for the Step 1 procedure. We note that when the RAN1 decision was initially made that only one positive SR is triggered when multiple SR configurations collide with HARQ-ACK/CSI, overlapping PUCCHs were assumed to have the same starting symbol. RAN1 made the following agreements
	Agreements: [RAN1 #90]

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

Agreements: [RAN1 #90bis]
· In case of SR due at the same time with other UCI, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2


The SR procedure in 38.321 Sec. 5.4.4 has the following note:

NOTE:      The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.

Our interpretation is that in case of overlapping PUCCHs for different SR configurations, the MAC instructs the PHY to send at most a single positive SR. However, there is no behaviour defined for non-overlapping SR configurations as shown in Figure 3 and indeed, positive SR can be triggered for both SR1 and SR2. Therefore, if we respect the RAN1 agreement that only a single positive SR can be indicated in a PUCCH, the outcome of the Step 1 rule would also depend on the PUCCH formats for HARQ-ACK/CSI and SR. 
Following the current multiplexing rule for HARQ-ACK and SR using PUCCH Format 1, HARQ-ACK will be transmitted on both SR1 resource and SR2 resource for Case 1 in Figure 3 since HARQ-ACK is Resource A but for Case 2, HARQ-ACK is only transmitted on SR1 resource since Resource A = SR1.To avoid redundant transmission and also for unified behavior regardless of starting position of HARQ-ACK, we prefer that HARQ-ACK is only transmitted on the first SR resource.
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Figure 3 HARQ-ACK/CSI overlapping with two SR PUCCHs corresponding to different SR configurations
For HARQ-ACK/CSI using PUCCH Format 2/3/4, the UE will multiplex both SR on the HARQ-ACK/CSI resource for both Case 1 and Case 2 in Figure 3. As agreed, the UE multiplexes [image: image54.wmf](
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 = 2 bits on the HARQ-ACK/CSI resource. Since only one positive SR can be sent per RAN1 agreement, it should be left to UE implementation to determine which of SR1 or SR2 is transmitted if both SR1 and SR2 are positive.

Proposal 6: For HARQ-ACK/CSI overlapping with PUCCH resources corresponding to different SR configurations

· When HARQ-ACK and SR use PUCCH Format 1 and the SR resources do not overlap, HARQ-ACK is transmitted on the first SR PUCCH resource
· When HARQ-ACK/CSI uses PUCCH Format 2/3/4 PUCCH resource and the SR PUCCH resources do not overlap, [image: image55.wmf](
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 SR bits are transmitted on the HARQ-ACK/CSI resource. In case of multiple positive SR indications, it is up to UE implementation which SR configuration is indicated as positive in the PUCCH transmission. 
2.2 On HARQ-ACK using PUCCH Format 0 and multiple SR configurations
For multiplexing of HARQ-ACK using PUCCH format 0 and multiple SR configurations the following was agreed at RAN1 #93.
	Agreements:

· If a HARQ-ACK transmission from a UE using PUCCH format 0 overlaps with SR transmission occasions corresponding to K SR PUCCH configurations in a slot, 

· If any SR is positive, indicate positive SR. Else indicate negative SR


This is seemingly an extension of the K = 1 case, where a two sets of HARQ-ACK PUCCH format 0 resources are reserved to respectively indicate positive or negative SR. The problem with extending to K > 1 is that the gNB cannot determine which SR configuration triggered a positive SR. It is relatively easy to extend the K = 1 case to K = 2 by reserving an additional CS set on the same PRB for indicating positive SR for one of the two SR configurations [1]. Clearly, this cannot be extended beyond K = 2 for allocation on the same PRB but we note that up to two SR configurations would be the more typical scenarios in practice (e.g. for URLLC and non-URLLC traffic). Note that the network can very well configure different PUCCH starting symbols for more than two SR configurations. 
Furthermore, when PUCCH Format 1 is used for SR, it is possible to transmit HARQ-ACK on a positive SR resource so as to enable gNB to distinguish different SR configurations by different SR resources. This is the same mechanism as HARQ-ACK and SR both using PUCCH Format 1 without the restriction of number of SR configurations.
Proposal 7: For HARQ-ACK using PUCCH Format 0 overlapping with two SR configurations, HARQ-ACK is transmitted on a PUCCH Format 0 resource indicating HARQ-ACK and negative SRs or HARQ-ACK and one positive SR by using different CS sets corresponding to different SR configurations.
Proposal 8: For HARQ-ACK using PUCCH Format 0 overlapping with single or multiple SR configurations using PUCCH Format 1, HARQ-ACK is transmitted on positive SR resource.
2.3 On multiplexing of CSI and SPS HARQ-ACK
It was agreed in RAN1#93 that a UE is not expected to be configured with only one HARQ-ACK PUCCH resource set and higher layer parameter simultaneousHARQ-ACK-CSI is set to TRUE. That means CSI will be dropped if it collides with HARQ-ACK. This is the opposite of LTE behavior where 1 or 2 HARQ-ACK bits may be multiplexed with CSI on LTE PUCCH format 2a or 2b respectively. The motivation for this NR agreement was because some companies felt it was too late in Rel-15 standardization to support another CSI+HARQ-ACK multiplexing scheme as currently CSI is multiplexed on the HARQ-ACK resource when simultaneousHARQ-ACK-CSI is set to TRUE. An open issue is the UE procedure when CSI collides with HARQ-ACK corresponding to SPS PDSCH and the higher layer parameter simultaneousHARQ-ACK-CSI =TRUE.
 Generally, the following options can be considered: 
· Opt 1: CSI is dropped when it collides with SPS HARQ-ACK regardless of the presence/absence of the higher layer parameter simultaneousHARQ-ACK-CSI
· Opt 2: Select a PUCCH resource set according to the total number of SPS HARQ-ACK, CSI and SR (if any) bits. Determine a PUCCH resource within the selected PUCCH resource set according to the ARI in the activation PDCCH for the SPS transmission.
Opt1 is simple and is somewhat aligned with the previous agreement for the case of HARQ-ACK corresponding to scheduled PDSCH. Opt 2 on the other hand provides the possibility that CSI is not dropped. As both SPS and CSI reporting are semi-statically configured the gNB knows exactly when collisions occur and this option simply means that a resource from a configured PUCCH resource set is reserved and cannot be used for dynamic resource selection. A more efficient solution – if the RRC specification was not frozen – would have been to provide an independent PUCCH resource set for SPS HARQ-ACK, where the selected resource is determined by the total SPS-HARQ-ACK+SR+CSI payload. 
Proposal 9: If CSI collides with HARQ-ACK corresponding to a SPS PDSCH reception and the UE is configured with multiple PUCCH resource sets and higher layer parameter simultaneousHARQ-ACK-CSI =TRUE, decide between two options, namely, dropping CSI or supporting CSI + HARQ-ACK on a PUCCH resource that can be determined for HARQ-ACK from one of the configured PUCCH resource sets. 
We also noticed that some corrections are necessary for Sec. 9.2.5.2 as follows:
· SPS HARQ-ACK should not be multiplexed with CSI on a CSI resource per the RAN1 #93 agreement
· Determination of minimum RB for CSI only or CSI+SR cases are omitted
· It is not correct to select CSI resource by considering HARQ-ACK and/or SR bits according to the agreement for multi-CSI resource selection made in MIMO session in RAN1 #92 as follows.   
	Agreement in RAN#92:

· When multiple PUCCH-based CSI reports collide with HARQ-ACK/SR

· The colliding CSI reports are first managed according to the CSI only collision mechanism, (potentially multiplexing CSI reports on a multi-CSI PUCCH resource and applying associated dropping rules) outputting a single PUCCH resource carrying one or more CSI reports

· In the second step, collision between the CSI PUCCH resource and HARQ-ACK/SR collision is managed and CSI dropping/omission rules for PUSCH is applied


	9.2.5.2
UE procedure for multiplexing HARQ-ACK/SR and CSI in a PUCCH
For a single transmission occasion of periodic/semi-persistent CSI reports, a PUCCH resource is provided by higher layer parameter pucch-CSI-ResourceList. For multiple transmission occasions of periodic/semi-persistent CSI reports, corresponding PUCCH resources are provided by higher layer parameter multi-CSI-PUCCH-ResourceList.

If a UE is provided only one PUCCH resource set for transmission of HARQ-ACK information in response to PDSCH reception scheduled by a DCI format, the UE does not expect to be provided higher layer parameter simultaneousHARQ-ACK-CSI.

A UE is configured by higher layer parameter maxCodeRate a code rate for transmission of HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in PUCCH format 2, PUCCH format 3, or PUCCH format 4. 

<Unchanged text omitted>
If a UE has CSI reports to transmit in a PUCCH 
-
if the UE is provided by higher layer parameter multi-CSI-PUCCH-ResourceList with 
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 PUCCH resources, for PUCCH format 2 and/or PUCCH format 3 and/or PUCCH format 4, as described in Subclause 9.2.1, where the resources are indexed according to an ascending order for the product of a number of corresponding REs, modulation order 
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, the UE transmits a PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective PUCCH where the UE uses the PUCCH format 2 resource 
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[image: image75.wmf]CSI

O

CSI information bits and 
[image: image76.wmf]SR

O

 SR information bits (if any) and [image: image77.wmf]CRC

O

 bits using PUCCH format 2 or PUCCH format 3 in a PUCCH resource that includes [image: image78.wmf]PUCCH

RB

M

 PRBs, the UE determines a number of PRBs [image: image79.wmf]PUCCH

min

RB,

M

 for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs [image: image80.wmf]PUCCH

RB

M

 provided respectively by higher layer parameter nrofPRBs of PUCCH-format2 or nrofPRBs of PUCCH-format3 and starts from the first PRB from the number of PRBs, that results to  
[image: image81.wmf]r

Q

N

N

M

O

O

O

m

×

×

×

×

£

+

+

PUCCH

UCI

-

symb

RB

ctrl

,

sc

PUCCH

min

,

RB

CRC

SR

CSI

and, if [image: image82.wmf]1

PUCCH

RB

>

M

, 
[image: image83.wmf]r

Q

N

N

M

O

O

O

m

×

×

×

×

-

>

+

+

PUCCH

UCI

-

symb

RB

ctrl

,

sc

PUCCH

min

,

RB

CRC

SR

CSI

)

1

(

, where [image: image84.wmf]RB

ctrl

sc,

N

, [image: image85.wmf]PUCCH

UCI

-

symb

N

, [image: image86.wmf]m

Q

, and [image: image87.wmf]r

 are defined in Subclause 9.2.5.2. If 
[image: image88.wmf]r

Q

N

N

M

O

O

O

m

×

×

×

×

-

>

+

+

PUCCH

UCI

-

symb

RB

ctrl

,

sc

PUCCH

RB

CRC

SR

CSI

)

1

(

, the UE transmits the PUCCH over [image: image89.wmf]PUCCH

RB

M

 PRBs by selecting [image: image90.wmf]reported

CSI

N

 CSI report(s) in ascending priority order as described in [6, TS 38.214].
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, TS38.214] to transmit and the UE determines a PUCCH resource with PUCCH format 3 or PUCCH format 4, where 

<Unchanged text omitted>


2.4 Multi-slot PUCCH overlapping with single/multi-slot PUCCH
There is still no conclusion on how to transmit UCI when a multi-slot PUCCH overlaps with a single-slot PUCCH. In addition, there is no restriction on the UCI types that may be configured for multi-slot PUCCH. The following options can be considered:

· Opt 1: drop PUCCH with lower priority UCI in the overlapped slot. The priority ordering can be HARQ-ACK > SR > SP-CSI > P-CSI.
· Opt 2: drop the later PUCCH without considering the UCI type priority.
· Opt 3: if the timeline is satisfied, UCI is multiplexed on one PUCCH according to the current UCI multiplexing rule in the overlapped slot. The UE assumes an error case if the timeline is not satisfied in the overlapped slot.
· Opt 4: do not support such overlapping by gNB configuration.
Multi-slot PUCCH is typically configured for coverage and for simplicity it can be assumed that a typical network implementation would configure same starting symbol and duration for each UCI type, i.e. there is no pressing reason to configure different starting symbols and durations for multi-slot PUCCH transmission in poor coverage. Support of multi-slot CSI transmission was discussed at the last meeting but there was no consensus to preclude it, as is the case in LTE where it is not supported. One issue for configured PUCCH transmissions such as P-CSI and SR is that because HARQ-ACK is triggered by PDCCH, the starting slot for HARQ-ACK may not be same as the starting slot for CSI or SR. 
It is first necessary to agree on whether it is permissible for a UE to re-encode UCI. For example, if CSI has been transmitted in a previous slot(s) and then HARQ-ACK is triggered for the present slot should the UE re-encode CSI + HARQ-ACK as suggested by Opt 3? Opt 2 on the other hand would drop HARQ-ACK in this example, which may not be preferable as HARQ-ACK is typically deemed to be of higher priority than CSI. Opt 4 may impose a heavy burden on the network and may not be feasible as HARQ-ACK is triggered based on PDSCH transmission. 

Observation: the preferred solution when a multi-slot PUCCH overlaps with single- or multi-slot PUCCH depends on whether a UE may re-encode UCI in an ongoing transmission with new UCI in an overlapping slot. 

In our view such re-encoding is not desirable from UE implementation considerations. Secondly, the multiplexing of UCI types leads to a change in PUCCH resource for the overlapping slot(s), which also has the disadvantage of precluding multi-slot channel estimation. 

Therefore, if multi-slot PUSCH is supported for all UCI types and a UE does not re-encode UCI as in Opt 3, the network can configure a flexible set of PDSCH-to-HARQ (K1) timings such that HARQ-ACK can be scheduled to start in the same starting slot as a multi-slot CSI transmission. If this is not possible in some situations due to PDSCH processing time considerations the CSI is dropped. Therefore, it is up to the network how to configure PDSCH-to-HARQ-ACK timings to avoid dropping CSI or allow CSI to be dropped. Therefore, Opt 1 is the preferred solution.
Proposal 10: If a multi-slot PUCCH overlaps with a single-slot or multi-slot PUCCH with a different starting slot, drop PUCCH with lower priority UCI in the overlapped slot, where the UCI priority order is HARQ-ACK > SR > SP-CSI > P-CSI.
2.5 Reference CRC for PUCCH resource determination
The following agreements were made in the channel coding session regarding polar code segmentation: 

	Agreement in 92bis:
· Polar code segmentation is applied if ([image: image91.wmf]360
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Agreement in 93: 

· In the determination of EUCI, a UE assumes the number of CRC bits to be 11 when the payload size[image: image93.wmf]360
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· FFS: Further check if a similar correction is needed to 36.213 to the procedure for selection of PUCCH resource and the dropping of CSI.


Regarding the FFS point, one simple way is to reuse the reference CRC definition of 38.212 in 38.213. However, for A >= 1013, the UE determines the CRC size as 22 bits without considering the UCI coded bits since UCI segmentation is always applied in this case. If 11 bits reference CRC is used when A >= 1013, the determined PUCCH resource may provide fewer resources than the required resource since the actual CRC size is 22 bits. Hence, the real range of UCI bits that need reference CRC for determining the PUCCH resource is 360≤A<1013. Hence, we slightly prefer to define the reference CRC as 11 bits only for 360≤A<1013.
Proposal 11: When the UCI payload is from 360 to 1012 bits, 11 bits CRC is used as a reference for determining the number of RBs for transmission using PUCCH format 2 or PUCCH format 3.
2.6 Remaining issues for UCI on PUSCH

It was agreed that DMRS and UL-SCH data can be FDM’ed for CP-OFDM waveform, but UCI cannot be FDM’ed with DMRS. Hence, there are some special cases that UCI cannot be transmitted. 

Special case A: When there is only one symbol used for PUSCH or there are two symbols used for PUSCH with frequency hopping, there are no resources for UCI transmission on PUSCH. Therefore, even if PUSCH and PUCCH have same starting symbol, UCI cannot be multiplexed on PUSCH.

Special case B: In case of PUSCH mapping type A and 4 symbols are allocated to PUSCH, if higher-layer parameter dmrs-TypeA-Position is 3, or higher-layer parameter dmrs-TypeA-Position is 2 and 2-symbol DM-RS is used, there are no resources for HARQ-ACK because HARQ-ACK can only be mapped after the first set of consecutive DMRS symbol(s). As shown in Figure 4, the number of symbols after the first set of consecutive OFDM symbol(s) carrying DMRS is 0, HARQ-ACK cannot be multiplexed on PUSCH in these cases.
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Figure 4 Illustration of a scenario where HARQ-ACK is not multiplexed on PUSCH
If FDM of UCI and DMRS is not considered for these special cases, which channel is dropped should be defined to avoid misalignment between gNB and UE. The following options can be considered:
· Opt 1: drop PUSCH;

· Opt 2: drop PUCCH;

· Opt 3: if UCI includes HARQ-ACK or SR, drop PUSCH, otherwise drop UCI;

Generally, the gNB should try to time multiplex PUCCH and PUSCH but if they collide, a dropping rule should be defined. Opt 3, which considers the UCI type, may have the best performance. 
Proposal 12: In case PUCCH overlaps with 1-symbol PUSCH or 2-symbol PUSCH with frequency hopping, or HARQ-ACK on PUCCH overlapped with 4-symbols PUSCH with DMRS on the last symbol, drop PUSCH if UCI on PUCCH include HARQ-ACK or SR, otherwise drop UCI, and the following TP for 38.213 should be adopted.
	9.3
UCI reporting in physical uplink shared channel

If a UE would have on a serving cell a PUSCH transmission without UL-SCH that overlaps with a PUCCH transmission on the serving cell that includes positive SR information, the UE does not transmit the PUSCH. 
If a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI and the conditions in Subclause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI in the PUSCH. 
If a UE has a PUSCH transmission with DMRS on the last symbol that overlaps with a PUCCH transmission that includes HARQ-ACK information, the UE does not transmit the PUSCH. If a UE has a PUSCH transmission with DMRS on the last symbol that overlaps with a PUCCH transmission for CSI only, the UE drops the CSI.
Offset values are defined for a UE to determine a number of resources for multiplexing HARQ-ACK information and for multiplexing CSI in a PUSCH. The offset values are signalled to a UE either by a DCI format scheduling the PUSCH transmission or by higher layers.
--------------------------------------------------the unchanged part is omitted-------------------------------------------------


3 Miscellaneous corrections for TS 38.213
 In this section we provide miscellaneous corrections to 38.213 that close gaps and/or improve clarity.
PUSCH selection for UCI transmission
It is possible that there are multiple grant-free PUSCHs on different serving cells in one slot and there is no dynamic PUSCH. Therefore, the selection rule based on serving cell index should also apply for multiple grant-free PUSCH.
	9
UE procedure for reporting control information
-------------------------------------------------the unchanged part is omitted-------------------------------------------------
If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.

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. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are in response to detection by the UE of DCI format(s) 0_0 or DCI format(s) 0_1 and second PUSCHs configured by respective higher layer parameters ConfiguredGrantConfig, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 

If a UE transmits multiple PUSCHs in a slot and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH that the UE transmits first in the slot.  
-------------------------------------------------the unchanged part is omitted-------------------------------------------------


CSI PUCCH selection within one slot

For CSI-only reporting in a slot, the following was agreed at RAN1 #93

	Agreements:

· On a per PUCCH group basis:

· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,

· If a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.

· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority. 

· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 

· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.

· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.


These agreements reflect at least the following behaviors, which are not correctly captured in 38.213:
· When there are overlapping PUCCH resources for CSI in one slot and higher layer parameter multi-CSI-PUCCH-ResourceList is configured, all CSI reports within this slot should be transmitted on one multi-CSI PUCCH resource regardless whether it is overlapped or not.

· When there are overlapping PUCCH resources for CSI in one slot and higher layer parameter multi-CSI-PUCCH-ResourceList is not configured, at most two CSI PUCCHs should be selected according to the CSI reporting priority.

· When there is no overlapping among PUCCH resources for CSI in one slot, regardless of whether or not the higher layer parameter multi-CSI-PUCCH-ResourceList is provided, at most two CSI PUCCHs should be selected according to the CSI reporting priority. 
· Even if the first selected PUCCH resource is not a PUCCH format 2 resource, the UE can still further select a second PUCCH resource with PUCCH format 2 resource. 
	9.2.5
UE procedure for reporting multiple UCI types

A UE multiplexes HARQ-ACK/SR and periodic/semi-persistent CSI in a same PUCCH if the UE is provided higher layer parameter simultaneousHARQ-ACK-CSI; otherwise, the UE drops the periodic/semi-persistent CSI report(s) and includes only HARQ-ACK/SR in the PUCCH.

If a UE is configured with multiple PUCCH resources in a slot to transmit semi-persistent or periodic CSI reports

-

-
if the UE is provided higher layer parameter multi-CSI-PUCCH-ResourceList and if there are CSI reports with overlapping PUCCH resources, the UE multiplexes all CSI reports within the same slot in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2 
-
otherwise, the UE determines a first PUCCH resource corresponding to a CSI report with the highest priority [6, TS38.214]. If there are CSI reports with more than two non-overlapping PUCCH resources, and if the first PUCCH resource is PUCCH format 2 resource, the UE determines a second resource corresponding to a CSI report with the highest priority, among the CSI reports with corresponding PUCCH resources from the remaining PUCCH resources. If there are CSI reports with more than two non-overlapping PUCCH resources, and if the first resource is PUCCH format 3 or 4 resource, the UE determines, if any, a second PUCCH resource corresponding to a CSI report with the highest priority and being a PUCCH format 2 resource, among the CSI reports with corresponding resources from the remaining resources.
--------------------------------------------------the unchanged part is omitted-------------------------------------------------


Other corrections
1) PUCCH resource sets configuration
· Remove the redundant description, 

· Use ‘contain’ instead of ‘include’ because “include” gives the impression that something more may also be in the set
· Add the missed DCI format 1_1
	9.2.1
PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: image95.wmf]size
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The UE is not expected to generate more than one HARQ-ACK information bit. 

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image97.wmf]PUCCH

r

,  [image: image98.wmf]15

0

PUCCH

£

£

r

, as [image: image99.wmf]PRI

0

,

CCE

0

CCE,

PUCCH

2

2

D

×

+

ú

ú

û

ú

ê

ê

ë

ê

×

=

N

n

r

, where [image: image100.wmf]0

,

CCE

N

 is a number of CCEs in a control resource set of a PDCCH reception conveying the DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: image101.wmf]0
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
--------------------------------------------------the unchanged part is omitted-------------------------------------------------

A UE can be configured up to four sets of PUCCH resources. A PUCCH resource set is provided by higher layer parameter PUCCH-ResourceSet and 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. 

--------------------------------------------------the unchanged part is omitted-------------------------------------------------


2) PUCCH spatial setting

Modification for the description of spatial setting configuration
	9.2.2
PUCCH Formats for UCI transmission

--------------------------------------------------the unchanged part is omitted-------------------------------------------------
A spatial setting for a PUCCH transmission is provided by higher layer parameter PUCCH-Spatialrelationinfo if the UE is configured with a single value for higher layer parameter pucch-SpatialrelationinfoId; otherwise, if multiple PUCCH-SpatialRelationInfo parameters are provided by higher layer parameters, the spatial setting for PUCCH transmission is provided as described in [11, TS 38.321]. The UE applies corresponding actions in [10, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH 3 msec after the slot where the UE transmits HARQ-ACK information corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo.
-
If PUCCH-Spatialrelationinfo provides higher layer parameter ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index; else if PUCCH-Spatialrelationinfo provides higher layer parameter csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index; else PUCCH-Spatialrelationinfo provides higher layer parameter srs, and the UE transmits the PUCCH with a same spatial domain filter used as for a transmission of a SRS with resource index provided by srs.

--------------------------------------------------the unchanged part is omitted-------------------------------------------------


3) HARQ-ACK+SR transmission

· Correct a typo referencing 9.2.3 rather than 9.2.4.
· Remove the redundant paragraph for HARQ-ACK/CSI+SR
	9.2.5.1
UE procedure for multiplexing HARQ-ACK or CSI and SR in a PUCCH

--------------------------------------------------the unchanged part is omitted-------------------------------------------------
If the UE would transmit positive SR in a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits HARQ-ACK in the PUCCH resource using PUCCH format 1 for SR transmission as described in Subclause 9.2.3. If a UE would transmit negative SR in a resource using PUCCH format 1 and at most two HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE transmits a PUCCH in the resource using PUCCH format 1 for HARQ-ACK information as described in Subclause 9.2.3.

If a UE would transmit HARQ-ACK information bits in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot, as described in Subclause 9.2.3, [image: image103.wmf](
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 bits representing a negative or positive SR, in ascending order of the values of schedulingRequestResourceId, are appended to the HARQ-ACK information bits and the UE transmits the combined UCI bits in a PUCCH using a resource with PUCCH format 2 or PUCCH format 3 or PUCCH format 4 for transmission of HARQ-ACK information bits. An all-zero value for the [image: image104.wmf](
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If a UE would transmit periodic/semi-persistent CSI in a resource using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 in a slot , [image: image106.wmf](
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 bits representing corresponding negative or positive SR, in ascending order of the values of schedulingRequestResourceId , are prepended to the periodic/semi-persistent CSI information bits as described in Subclause 9.2.5.2 and the UE transmits a PUCCH with the combined UCI bits in a resource using the PUCCH format 2 or PUCCH format 3 or PUCCH format 4 resource for CSI reporting. An all-zero value for the [image: image107.wmf](
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--------------------------------------------------the unchanged part is omitted-------------------------------------------------


4) PUCCH repetition

· Using “in” is ambiguous as it may imply intra-slot frequency hopping
· Changes to avoid confusion
	9.2.6
UCI repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, [image: image112.wmf]repeat
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-
the UE repeats the UCI in the PUCCH transmission in the first slot of the [image: image114.wmf]repeat
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-
a PUCCH transmission has the same number of consecutive symbols, as provided by higher layer parameter nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4 , in each of the [image: image116.wmf]repeat
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 slots; 
-
a PUCCH transmission has a same first symbol, as provided by higher layer parameter startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4, in each of the [image: image117.wmf]repeat
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 slots; 
-
the UE is configured by higher layer parameter interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions across different slots
-
If the UE is configured to perform frequency hopping for PUCCH transmissions across different slots, 


-
the UE transmits the PUCCH starting from the PRB indicated by the higher layer parameter  startingPRB in slots with even number and starting from the PRB indicated by the higher layer parameter  secondHopPRB in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in[image: image118.wmf]repeat
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 slots is counted regardless of whether or not the UE transmits the PUCCH in the slot;
-
the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.
-
Otherwise if the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for PUCCH transmissions within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot. 

If the UE determines that, for a PUCCH transmission in a slot, the number of symbols available for the PUCCH transmission is smaller than the value provided by higher layer parameter nrofSymbols for the corresponding PUCCH format, the UE does not transmit the PUCCH in the slot. 
If a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, or is additionally provided higher layer parameter tdd-UL-DL-ConfigDedicated for the slot format per slot over the number of slots, as described in Subclause 11.1, the UE determines the [image: image119.wmf]repeat
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 slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having

-
an UL symbol or flexible symbol provided by higher layer parameter PUCCH-F1-F3-F4-starting-symbol as a first symbol, and

-
consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by higher layer parameter PUCCH-F1-F3-F4-number-of-symbols.
If a UE is not provided higher layer parameter tdd-UL-DL-ConfigurationCommon, the UE determines the [image: image120.wmf]repeat
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 slots for a PUCCH transmission as the [image: image121.wmf]repeat

PUCCH

N

 consecutive slots starting from a slot indicated to the UE as described in Subclause 9.2.3. 

--------------------------------------------------the unchanged part is omitted-------------------------------------------------


4 Conclusions
This contribution addressed a number of open issues regarding UCI transmission including PUCCH determination for overlapping PUCCH and PUSCH transmissions. Corresponding text proposals are provided throughout the document which we do not repeat here but we summarize a few proposals on how to resolve the open issues with UCI feedback procedures. 
Proposal 1: The TP for section 9.2.5 for the multiplexing rule of multiple PUCCH overlapping should be adopted. 

Proposal 2: If P-/SP-CSI on PUCCH overlaps with SR, or SPS HARQ-ACK overlaps with SR and UCI is multiplexed on the SPS HARQ-ACK resource, there is no need to define and check a timeline. 

Proposal 3: If SPS HARQ-ACK overlaps with grant-free PUSCH, or SPS HARQ-ACK overlaps with SR and UCI is multiplexed on SR resource, timeline N1+X should be satisfied. 

Proposal 4: If P-/SP-CSI on PUCCH overlaps with grant-free PUSCH, UE does not expect to be configured with different starting symbols and the timeline is not needed. 

Proposal 5: When one SR occasion overlapping with two CSI PUCCH resources and the two CSI PUCCH resources are in TDM manner, SR is transmitted on the first CSI PUCCH resource.
Proposal 6: For HARQ-ACK/CSI overlapping with PUCCH resources corresponding to different SR configurations

· When HARQ-ACK and SR use PUCCH Format 1 and the SR resources do not overlap, HARQ-ACK is transmitted on the first SR PUCCH resource
· When HARQ-ACK/CSI uses PUCCH Format 2/3/4 PUCCH resource and the SR PUCCH resources do not overlap, [image: image122.wmf](
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 SR bits are transmitted on the HARQ-ACK/CSI resource. In case of multiple positive SR indications, it is up to UE implementation which SR configuration is indicated as positive in the PUCCH transmission. 
Proposal 7: For HARQ-ACK using PUCCH Format 0 overlapping with two SR configurations, HARQ-ACK is transmitted on a PUCCH Format 0 resource indicating HARQ-ACK and negative SRs or HARQ-ACK and one positive SR by using different CS sets corresponding to different SR configurations.

Proposal 8: For HARQ-ACK using PUCCH Format 0 overlapping with single or multiple SR configurations using PUCCH Format 1, HARQ-ACK is transmitted on positive SR resource.
Proposal 9: If CSI collides with HARQ-ACK corresponding to a SPS PDSCH reception and the UE is configured with multiple PUCCH resource sets and higher layer parameter simultaneousHARQ-ACK-CSI =TRUE, decide between two options, namely, dropping CSI or supporting CSI + HARQ-ACK on a PUCCH resource that can be determined for HARQ-ACK from one of the configured PUCCH resource sets. 

Proposal 10: If a multi-slot PUCCH overlaps with a single-slot or multi-slot PUCCH with a different starting slot, drop PUCCH with lower priority UCI in the overlapped slot, where the UCI priority order is HARQ-ACK > SR > SP-CSI > P-CSI.

Proposal 11: When the UCI payload is from 360 to 1012 bits, 11 bits CRC is used as a reference for determining the number of RBs for transmission using PUCCH format 2 or PUCCH format 3.

Proposal 12: In case PUCCH overlaps with 1-symbol PUSCH or 2-symbol PUSCH with frequency hopping, or HARQ-ACK on PUCCH overlapped with 4-symbols PUSCH with DMRS on the last symbol, drop PUSCH if UCI on PUCCH include HARQ-ACK or SR, otherwise drop UCI, and the following TP for 38.213 should be adopted.
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