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Introduction
One of the remaining issues with respect to the PUCCH transmission in cases that a PUCCH transmission includes SR together with other UCI types, is how to indicate to the gNB the SR ID. In such cases, SR PUCCH resource is overlapped with the PUCCH resource for other UCI. This issue is resolved to some extent when the PUCCH resource for UCI transmission is based on PUCCH format 2, 3 or 4. In this contribution, we provide solutions for the remaining cases.
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SR Identity for multiplexing SR with other UCI types
SR and HARQ-ACK/CSI on PUCCH format 2/3/4
The following agreement was made during the last meeting [1]. However, the conclusion from the meeting was that the agreement addresses only the case that the PUCCH resources for SR and UCI have the same starting symbol. We would like to extend the following agreement to the case of different starting symbols for the corresponding PUCCH resources. Hence, we propose the following:
Proposal 1:
· Adopt in 38.213 the following agreement made in RAN1#91 where the SR and UCI PUCCH resources partially overlap with different starting symbols. 
Agreements (RAN1#91):
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.

SR and HARQ-ACK on PUCCH Format 0
From our perspective, it is important to have a unified design and frame work in general, including the transmission of the HARQ-ACK and SR on a PUCCH format 0. Based on the agreement for simultaneous transmission of HARQ-ACK and SR on PUCCH format 0, the increase of the initial cyclic shift is used as an indication for the presence of an SR as illustrated in Figure 1. This frame work can be extended by additional increase of the initial cyclic shift as illustrated in Figure 2 when more than one SR PUCCH resource overlaps with a HARQ-ACK PUCCH resource using format 0. It can be observed from the figure that for 2 HARQ-ACK bits, 2 configured SR IDs can be indicated while in case of 1 HARQ-ACK bit, this number is increased to 5.  However, due to the probability of miss detection, only 2 SR ID configuration can be considered.  Please note that from our perspective, solutions that suggest allocating more resources, for example more PRBs to accommodate more overlapping SR PUCCH configurations with a HARQ-PUCCH transmission based on format 0 should not be considered. These approaches result in utilizing the resources very inefficiently in general for accommodating minor use cases. The network by proper configuration can avoid such situations if necessary.
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Based on the above discussion, we propose the following:
Proposal 2:
· If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K=2 configured SR PUCCH resources, the HARQ-ACK PUCCH resource is used for transmission of HARQ-ACK and SR where
· The initial CS of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· If K>2, two configured SR resources with the highest priority are considered.
SR and HARQ-ACK on PUCCH Format 1
As we discussed in our companion contribution [2], the only condition that an SR can be transmitted with HARQ-ACK simultaneously using PUCCH format 1 is when the following two conditions are met:
1) The PUCCH resource indicated for HARQ-ACK is based on format 1 and the configured PUCCH resource for the SR is format 1.
2) The SR PUCCH resource is confined within the HARQ-ACK PUCCH resource. 
 In this case, if the SR is present, the HARQ-ACK is transmitted using the SR PUCCH resource, otherwise the HARQ-ACK is transmitted using the HARQ-ACK PUCCH resource. Since the SR PUCCH resource is used when SR is present, the gNB by detecting the SR PUCCH resource can determine the ID of the scheduling request.
Proposal 3: 
· If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured PUCCH SR resources that are confined within the HARQ-ACK PUCCH resource, 
· If an SR is present, the UE indicates the corresponding SR resource ID by using the configured SR PUCCH resource for transmission of HARQ-ACK.
· If the SR is absent, the UE indicates the absence of the SR by using the HARQ-ACK PUCCH resource for transmission of HARQ-ACK.
· Note: PUCCH format 1 is used for both HARQ-ACK PUCCH resource and SR PUCCH resource.

Conclusion
In this contribution we addressed the issues that are needed to be resolved in order to clarify properly a UE behavior for multiplexing UCI on a PUCCH resource. Based on the discussion the following are proposed:
Proposal 1:
· Adopt in 38.213 the following agreement made in RAN1#91 where the SR and UCI PUCCH resources partially overlap with different starting symbols. 
Agreements (RAN1#91):
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.
Proposal 2:
· If a UCI transmission on a PUCCH format 0 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K=2 configured SR PUCCH resources, the HARQ-ACK PUCCH resource is used for transmission of HARQ-ACK and SR where
· The initial CS of the HARQ-ACK PUCCH resource is increased by one or two, respectively, if SR corresponding to the highest or the second highest priority configured SR ID is positive.
· If K>2, two configured SR resources with the highest priority are considered.
Proposal 3: 
· If a UCI transmission on a PUCCH format 1 from a UE that conveys HARQ-ACK information and SR, overlaps in time with K configured PUCCH SR resources that are confined within the HARQ-ACK PUCCH resource, 
· If an SR is present, the UE indicates the corresponding SR resource ID by using the configured SR PUCCH resource for transmission of HARQ-ACK.
· If the SR is absent, the UE indicates the absence of the SR by using the HARQ-ACK PUCCH resource for transmission of HARQ-ACK.
· Note: PUCCH format 1 is used for both HARQ-ACK PUCCH resource and SR PUCCH resource.
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A) PUCCH format 0 for 2 HARQ-ACK bits
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B) PUCCH format 0 for 1 HARQ-ACK bit

•

Only HARQ-ACK using initial CS

•

HARQ-ACK/SR, using initial CS incremented by 

X for XthSR configuration (i.e. m

CS

=X)

•

Maximum 5 SR configurations can overlap with 

HARQ-ACK PUCCH  F0 resource


