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1. Introduction

In RAN1 #90bis meeting [1], following agreements were made for short duration UL control channel in NR.
	Agreements:
· For short-PUCCH for UCI of more than 2 bits

· Only contiguous PRB allocation within a symbol is supported in release-15

· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:

· As a function of UCI payload size 

· Dynamic indication via DCI

· FFS the detailed determination method

· FFS the set of supported PRBs

Agreements:

· For short-PUCCH for UCI of more than 2 bits, the LTE PN sequence generator is used for scrambling of the encoded bits and generation of DM-RS for the PUCCH

· Note: can be revisited if new Gold sequences are introduced

Agreements:

· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration

· FFS details

· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR

· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet


In this contribution, we discuss the remaining issues on the design of 1-symbol short PUCCH in NR for more than 2 UCI bits.
2. Discussion
2.1. Simultaneous TX of HARQ-ACK and SR
For simultaneous transmission of SR and HARQ-ACK for more than 2 bits, it would be efficient way to append explicit SR bit(s) to UCI payload for the PUCCH resource for HARQ-ACK. Specifically, an explicit 1 bit SR (e.g., positive SR or negative SR) can be appended to HARQ-ACK payload and the combined UCI can be encoded and mapped to short PUCCH allocated for HARQ-ACK of more than 2 bits. For the number of explicit SR bit(s), more than 1 bit could be needed for distinguish SR processes especially when multiple SR processes are configured for a UE.
Proposal #1: For simultaneous transmission of more than 2 bits HARQ-ACK and SR, explicit SR bits can be appended to the UCI payload for the PUCCH resource for HARQ-ACK.
2.2. Simultaneous TX of HARQ-ACK and CSI
In RAN1 #90bis [1], it was agreed to support simultaneous transmission of HARQ-ACK and CSI with short PUCCH for more than 2 bits (i.e., PUCCH format 2). Regarding the encoding of HARQ-ACK and CSI, a method of separately coding HARQ-ACK and CSI has been proposed for different requirements. However, separate coding between HARQ-ACK and CSI can make specification quite complicated because it is necessary to discuss how to divide the number of REs between HARQ-ACK and CSI. So, unless significant performance gain is guaranteed, it would be reasonable to apply joint encoding for HARQ-ACK and CSI as for PUCCH transmission in LTE.
Proposal #2: For simultaneous transmission of more than 2 bits HARQ-ACK and CSI on PUCCH, the HARQ-ACK and the CSI are jointly encoded.
2.3. A-CSI on short PUCCH
In RAN1 NR Ad-Hoc#3 [2], it was agreed to support aperiodic CSI (A-CSI) reporting on PUCCH and It is still under debate as to which DCI should be used to trigger A-CSI triggering. Regarding this, there can be further issues in terms of resource allocation for short PUCCH for A-CSI and/or collision handling between the PUCCH carrying A-CSI and other UL channels (e.g., PUCCH or PUSCH) and/or alignment of PUCCH UCI payload with A-CSI (e.g., under CA). For example, if UL grant triggers A-CSI on short PUCCH, there can be detailed issues such as whether to configure one PUCCH resource or multiple PUCCH resources (or PUCCH resource sets) and whether to support dynamic indication using DCI for PUCCH resource for A-CSI, etc. If DL grant triggers A-CSI on short PUCCH, the situation can be more complicated since relationship between HARQ-ACK and A-CSI should be considered. For example, A-CSI can be triggered per PUCCH resource for HARQ-ACK or two PUCCH resource sets can be configured for two cases in which A-CSI triggering is turned or off. For the short PUCCH resources for HARQ-ACK and A-CSI, it should be also considered whether/how to support TDM based transmission. And for collision handling between A-CSI on short PUCCH and HARQ-ACK on PUCCH, it may be necessary to consider whether to drop A-CSI or jointly encode HARQ-ACK and A-CSI. Or, for collision handling of A-CSI on PUCCH and PUSCH, it may be necessary to consider whether to piggyback A-CSI on PUSCH or simultaneously transmit PUCCH and PUSCH by TDM manner. Finally, A-CSI related information (e.g., A-CSI triggering on/off, triggered CSI process, PUCCH resource) should be the same for the DCIs indicating the same PUCCH resource.
Proposal #3: For A-CSI on PUCCH, further discussion is needed in terms of short PUCCH resource allocation and /or collision handling with other UL channels and/or alignment of PUCCH UCI payload.
3. Conclusion

In this contribution, we discussed the remaining issues on the design of short PUCCH for more than 2 UCI bits. The proposals of this contribution are summarized as follows.
Proposal #1: For simultaneous transmission of more than 2 bits HARQ-ACK and SR, explicit SR bits can be appended to the UCI payload for the PUCCH resource for HARQ-ACK.
Proposal #2: For simultaneous transmission of more than 2 bits HARQ-ACK and CSI on PUCCH, the HARQ-ACK and the CSI are jointly encoded.
Proposal #3: For A-CSI on PUCCH, further discussion is needed in terms of short PUCCH resource allocation and /or collision handling with other UL channels and/or alignment of PUCCH UCI payload.
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