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Introduction
The following agreements were made in the previous meeting [1]:
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:
· 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:
· A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 
o   FFS details how to use the configuration. The LTE mechanism is the baseline
o   Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits
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 details on 1-symbol PUCCH structure for transmission of more than 2 UCI bits, i.e. PUCCH Format 2.
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Initialization of PN Sequence Generation
In the previous meetings, we agreed on the DMRS density of 1/3 with their corresponding positions within a PRB. Moreover, on the structure of the DMRS sequence, we agreed to adopt PN sequences as for PUSCH using LTE PN sequence generator. We also agreed to scramble the encoded bits prior to the modulation using the same PN sequence generator. From our point of view, the same initialization should be used for NR PUCCH and PUSCH similar to those used for PUSCH as we discussed in our companion contributions [2] Therefore, we propose the following which also includes the suggestion for initialization of PN generator:
Proposal 1:
· For DMRS in PUCCH Format 2, the same initialization as for DMRS in PUSCH based on CP-OFDM is used.
· For scrambling of encoded bits in PUCCH Format 2, the same initializing as for PUSCH based on CP-OFDM is used.
[bookmark: _Toc494391454][bookmark: _Toc494396846][bookmark: _Toc494396909][bookmark: _Toc494445953][bookmark: _Toc494446001]
On Determination of the Utilized PRB
It is agreed to configure the number of PRBs as well as the index of the staring PRB for PUCCH Format 2 
From our perspective, for a proper configuration and efficient resource utilization, the configured number of PRBs is preferred to be sufficient such that the HARQ-ACK bits can be transmitted reliable enough. Due to the variable number of HRQ-ACK bits, to fulfill the mentioned error requirements, one approach is to provide different PUCCH resource configuration with different number of configured PRBs per PUCCH resource configuration. s. In this way, instead of increasing the number of PUCCH resource configurations to have more granular PRB allocations, the available number of PUCCH resource configurations can be used for providing other variability which would be difficult to accommodate otherwise such as index of the starting PRB. Another approach is a design based on the properties of PUCCH resource set. As we discussed in our companion contribution [3], we would like to have sets for different payload sizes where the UE can determine the set based on the number of UCI bits. In this way, the number of PRBs in each PUCCH resource would be configured properly. In this manner the UE utilizes all the available PRBs for transmission of HARQ-ACK.
Proposal 2:
· All the configured PRBs are used for transmission of the UCI with PUCCH Format 2.
On simultaneous transmission of multiple UCI types
Since PUCCH Format 2 supports more than 2 UCI bits, it can easily be used for simultaneous transmission of HARQ-ACK bits and other types of UCI bits including SR and CSI report. However, it is important that the UE and gNB have the same assumption on the number of UCI bits.
Simultaneous transmission of HARQ-ACK and SR
If the transmission of HARQ-ACK bits using PUCCH Format 2 coincides with a semi-static configured SR opportunity, the HARQ-ACK bits should be appended with one bit representing the status of the configured SR configuration. This bit can take the value 0 or 1 depending if the SR is negative or positive. The UCI bits including the HARQ-ACK bits and SR bit, are extended with CRC bits and then are properly encoded, scrambled and modulated to be transmitted on all the configured resources PUCCH Format 2.
Proposal 3:
· When the transmission of HARQ-ACK bits with PUCCH format 2 coincides with a semi-static configured SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the HARQ-ACK bits. 
Simultaneous CSI and HARQ-ACK/SR
First of all, when CSI report is transmitted on PUCCH Format 2, it is jointly encoded and the size of CSI report is known to the gNB. Assuming that the simultaneous transmission of HARQ-ACK and CSI is enabled by configuration, when CSI reporting using PUCCH format 2 and HARQ-ACK reporting with or without SR coincides, three following cases can occur:
· Case 1: The PUCCH format for HARQ-ACK with or without SR is PUCCH format 0 or 1.
· Case 2: The PUCCH format for HARQ-ACK with or without SR is PUCCH format 2.
· Case 3: The PUCCH format for HARQ-ACK with or without SR is PUCCH format 3 or 4.
In cases 1 and 2 above, the simultaneous CSI and HARQ-ACK/SR bits can be transmitted on a PUCCH Format 2. In is clear that for case 1, the PUCCH Format 2 resources are determined by those given for CSI reporting. In case 2, it is expected that usually a larger number of PRBs are configured for a PUCCH resource for CSI reporting. However, it is preferred to ensure that among the two PUCCH Format 2 resources for CSI and HARQ-ACK, the one with a larger number of configured PRBs is chosen for simultaneous transmission of CSI and HARQ-ACK. Finally, if the situation in case 3 occurs which is practically a rare event, it is preferred to adopt a simple approach and drop the CSI reporting and only transmit the HARQ-ACK bits on the PUCCH format 3 or 4. 
When CSI bits are transmitted on a PUCCH format 2, they are jointly encoded. For the simultaneous transmission of the CSI and HARQ-ACK/SR bits using PUCCH Format 2, i.e. cases 1 and 2 above, we can also consider joint coding to have a simplified and unified design. Moreover, in order to enable a reliable transmission for HARQ-ACK bits, we suggest not to encode the HARQ-ACK bits with a rate higher than configured maximum code rate. This implies that a CSI report can be added to HARQ-ACK bits only when the encoding rate of the joint encoder does not exceed the maximum code rate.
Therefore, based on the above discussion we propose the following:
Proposal 4:
· When the UE is configured with simultaneous transmission of HARQ-ACK and CSI with PUCCH Format 2, if the occasion of CSI reporting with PUCCH Format 2 concurs with HARQ-ACK reporting and
· If the PUCCH format for HARQ-ACK is 0 or 1, the UE simultaneously transmits HARQ-ACK and CSI reporting using the PUCCH Format 2 resources intended for CSI.
· If the PUCCH format for HARQ-ACK is 2, the UE simultaneously transmits HARQ-ACK and CSI reporting using the PUCCH Format 2 resources with a larger number of configured PRBs.
· If the PUCCH format for HARQ-ACK is 3 or 4, the UE drops CSI and reports only HARQ-ACK.
Proposal 5:
· For simultaneous transmission of HARQ-ACK/SR and one or multiple CSI reports with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.
· The number of CSI reports that can be added to the HARQ-ACK bits is determined such that the resulting encoding code rate based on the configured number of PRBs does not exceed the maximum configured code rate for PUCCH Format 2. In other words, the number of bits from a CSI report that can be simultaneously transmitted with HARQ-ACK/SR on PUCCH format 2, i.e. OCSI fulfills the following condition:


Where
· 
is the number of configured PRBs for PUCCH Format 2
· 
= 1 or 2, is the number of symbols of PUCCH Format 2
· 
= 12 is the number of sub-carriers per PRB
· 
 = 4 is the number of REs with DMRS per PRB in PUCCH Format 2
· 
  = 2 for QPSK modulation used in PUCCH Format 2 
· 
is the maximum configured coding rate for PUCCH Format 2
· 

 and  are the number of UCI bits and the corresponding number of CRC bits where
· 
is the number of HARQ-ACK bits 
· 

=1 if a configured SR coincides with the transmission of HARQ-ACK by PUCCH Format 2, otherwise =0
· 
 is the number of CSI bits of the CSI report that can be transmitted with HARQ-ACK bits by PUCCH Format 2

Conclusion
In this contribution, we discussed the remaining details on 1-symbol PUCCH structure for transmission of more than 2 UCI bits and propose the following:
Proposal 1:
· For DMRS in PUCCH Format 2, the same initialization as for DMRS in PUSCH based on CP-OFDM is used.
· For scrambling of encoded bits in PUCCH Format 2, the same initializing as for PUSCH based on CP-OFDM is used.

Proposal 2:
· All the configured PRBs are used for transmission of the UCI with PUCCH Format 2.
Proposal 3:
· When the transmission of HARQ-ACK bits with PUCCH format 2 coincides with a semi-static configured SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the HARQ-ACK bits. 
Proposal 4:
· When the UE is configured with simultaneous transmission of HARQ-ACK and CSI with PUCCH Format 2, if the occasion of CSI reporting with PUCCH Format 2 concurs with HARQ-ACK reporting and
· If the PUCCH format for HARQ-ACK is 0 or 1, the UE simultaneously transmits HARQ-ACK and CSI reporting using the PUCCH Format 2 resources intended for CSI.
· If the PUCCH format for HARQ-ACK is 2, the UE simultaneously transmits HARQ-ACK and CSI reporting using the PUCCH Format 2 resources with a larger number of configured PRBs.
· If the PUCCH format for HARQ-ACK is 3 or 4, the UE drops CSI and reports only HARQ-ACK.
Proposal 5:
· For simultaneous transmission of HARQ-ACK/SR and one or multiple CSI reports with PUCCH Format 2
· The HARQ-ACK/SR and CSI bits are jointly encoded.
· The number of CSI reports that can be added to the HARQ-ACK bits is determined such that the resulting encoding code rate based on the configured number of PRBs does not exceed the maximum configured code rate for PUCCH Format 2. In other words, the number of bits from a CSI report that can be simultaneously transmitted with HARQ-ACK/SR on PUCCH format 2, i.e. OCSI fulfills the following condition:


Where
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is the number of configured PRBs for PUCCH Format 2
· 
= 1 or 2, is the number of symbols of PUCCH Format 2
· 
= 12 is the number of sub-carriers per PRB
· 
 = 4 is the number of REs with DMRS per PRB in PUCCH Format 2
· 
  = 2 for QPSK modulation used in PUCCH Format 2 
· 
is the maximum configured coding rate for PUCCH Format 2
· 

 and  are the number of UCI bits and the corresponding number of CRC bits where
· 
is the number of HARQ-ACK bits 
· 

=1 if a configured SR coincides with the transmission of HARQ-ACK by PUCCH Format 2, otherwise =0
· 
 is the number of CSI bits of the CSI report that can be transmitted with HARQ-ACK bits by PUCCH Format 2
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