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1 Introduction
At the RAN1 NR Ad-Hoc meeting, the following agreements were reached for UCI transmission [1]:
Agreements:
· For PUCCH in short-duration,

· At least following is supported for PUCCH in 1-symbol duration:

· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

· For PUCCH in long-duration,

· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
At the RAN1 #88 meeting, the following agreements were reached on PUCCH resource allocation [2]:
Agreements:
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot

In this paper, we discuss the UCI and data/SRS multiplexing for both short duration PUCCH format and long duration PUCCH format.  
2 Discussion

At the RAN1 #86bis meeting it was agreed to consider three cases for multiplexing UL data and UCI in the same time slot.  We discuss the following three cases:
· Case 1: UL data and UCI are frequency division multiplexed where the resource for UCI is not a part of the resource for UL data 

· Case 2: UL data and UCI are time division multiplexed where the resource for UCI is not a part of the resource for UL data 

· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource for UL data

Multiplexing approach(s) for UCI and UL data/SRS for short duration PUCCH format
It was agreed that Case 1 is supported for a slot having a short UL region. When CP-OFDM is used or DFT-S-OFDM with separate DFT pre-coder for ‘short UCI’ and data is used, it can support simultaneous transmission of short duration PUCCH format and PUSCH on different frequency resources in a short UL region. For a slot with long UL region the support of case 1 depends on whether UL data transmission may be extended to the end of the slot. If this is permissible, then simultaneous transmission of short duration PUCCH format and PUSCH on different frequency resources can be supported. Alternatively, simultaneous transmission of short duration PUCCH format and PUSCH can be avoided by puncturing PUSCH in the subset of resources that overlap with the short duration PUCCH format to avoid an increase in the PAPR/CM. Since short duration PUCCH format may be mostly used when UL coverage is not limited, simultaneous transmission of PUCCH and PUSCH can be supported for short duration PUCCH format at least in a slot having a short UL region. 
Proposal 1: Simultaneous transmission of PUSCH and short duration PUCCH format on different frequency resources should be supported at least in a slot having a short UL region.
Case 2 may be applied in a slot with a long UL region. The time domain resources allocated to UL data and UCI are separately configured, which means two separate UL channels are transmitted in different time intervals. This mapping will not increase the PAPR given that there is only one transmission at any time instance. Thus, UL data can be time multiplexed with a short duration PUCCH format. However, in this case, the UL data transmission cannot be extended until the end of the slot. One use case is for mini-slot based UL transmission, where short duration PUCCH and PUSCH are transmitted in different mini-slots. For slot-based transmission, it requires the UL grant to indicate the PUSCH duration to avoid collision with the short duration PUCCH format. Alternatively, a UE can implicitly determine the last symbol of the UL data transmission based on a predefined short duration PUCCH format region. This is similar to shortened PUCCH in LTE in order to transmit SRS but it may result in inefficient resource utilization as a short duration PUCCH may not always be transmitted in the predefined region.

Proposal 2: TDM multiplexing of UL data and the short duration PUCCH format can be supported. In this case, either mini-slot based UL transmission is configured or the PUSCH duration can be indicated in an UL grant or implicitly determined by reserving a fixed region for the short duration PUCCH format.
For Case 3, it generally means to support UCI on PUSCH. Considering that in some coverage limited case, low PAPR should be kept, thus, UCI on PUSCH should be supported. To support UCI on PUSCH, the following two methods can be considered:
· Method 1: Reuse UCI on PUSCH mechanism in LTE, that is, HARQ-ACK is transmitted on NR PUSCH resource by puncturing UL data, and CSI is transmitted on NR PUSCH resource together with UL data. 
· Can be used for both CP-OFDM and DFT-S-OFDM waveform
· Requires complicated UCI mapping design since NR PUSCH may have different lengths
· Has less flexibility to suit variable UCI payload sizes
· Method 2: UCI can be considered as part of UL data to be appended at the beginning and /or the end of UL data on NR PUSCH by using DFT-S-OFDM waveform with one DFT pre-coder.
· Can avoid complicated UCI handling as in method 1
· Can only be used for DFT-S-OFDM so as to keep low PAPR
· Requires explicit indication in an UL grant informing the UE that UCI is to be multiplexed with UL data on PUSCH. This avoids the gNB having to perform blind decodes to determine whether or not HARQ-ACK was transmitted in case the UE missed the corresponding DL assignment. The case of PUSCH without UL grant is for further study.
· Require restriction on scheduling timing so as to make sure gNB to determine whether there is UCI or not together with UL data before sending UL grant. This is generally because whether there is ACK/NACK will be fed back in the time domain position of PUSCH transmission depends on the DL scheduling since the HARQ-ACK timing is indicated in DL grant, while whether there is UCI on PUSCH or not should be indicated in UL grant. When DL grant is transmitted after UL grant and the DL grant requires ACK/NACK feedback to be transmitted in the time domain position of PUSCH corresponding to the UL grant, gNB cannot prepare the UL grant to indicate there is AN on PUSCH since gNB may not predict whether there is DL grant transmission after the UL grant which requires ACK/NACK feedback on the PUSCH. For such case, scheduling restriction should be introduced to make sure the ACK/NACK corresponding to the DL grant after the UL grant should not be fed back in the time domain position of the PUSCH.
Proposal 3: UCI on PUSCH should be supported for short duration PUCCH format, and the following methods can be considered:
· Method 1: Reuse UCI on PUSCH mechanism in LTE
· Method 2: UCI can be considered as part of UL data to be appended at the beginning or the end or both the beginning and the end of UL data on NR PUSCH

For multiplexing of UCI and SRS, since there are only one or two symbols in short duration PUCCH format, multiplexing of UCI and SRS may be not allowed for DFT-S-OFDM waveform. For CP-OFDM, if the frequency bandwidth of SRS is not overlapped with short duration PUCCH format in the last symbol in a slot, FDM multiplexing of SRS and short duration PUCCH format can be supported. SRS should be dropped when the frequency bandwidth of SRS is overlapped with short duration PUCCH format in the last symbol in a slot no matter DFT-S-OFDM or CP-OFDM is used.
Proposal 4: Multiplexing of UCI and SRS should be not supported for short duration PUCCH format for DFT-S-OFDM waveform.

Proposal 5: If the frequency bandwidth of SRS is not overlapped with short duration PUCCH format in the last symbol in a slot, FDM multiplexing of SRS and short duration PUCCH format can be supported.

Proposal 6: SRS should be dropped when the frequency bandwidth of SRS is overlapped  with short duration PUCCH format.
Multiplexing approach(s) for UCI and UL data/SRS for long duration PUCCH format
It was agreed to support simultaneous PUSCH and PUCCH and UCI on PUSCH for the long duration PUCCH format, which means both Case 1 and Case 3 can be supported for long duration PUCCH format.
For Case 2, the resources of UL data and UCI are separately configured in time domain, which means two separate UL channels are transmitted in different time intervals. This mapping will not increase the PAPR as there is a single channel transmission within the UL duration. However, in this case, both the UL data transmission and the long duration PUCCH format cannot be extended until the end of the slot. This requires time domain resource indication for both PUSCH and long duration PUCCH format to avoid collision. However, considering that both UL data on PUSCH and long duration PUCCH will occupy many symbols in time domain, there may be not enough UL resource in time domain to support TDM multiplexing between UL data and the long duration PUCCH format. 
Proposal 7: TDM multiplexing of UL data and the long duration PUCCH format should be not supported. 
For Case 3, the same method as discussed for short duration PUCCH format can be used to support UCI on PUSCH for long duration PUCCH format.
For multiplexing of UCI and SRS, since there are multiple symbols in long PUCCH format, multiplexing of UCI and SRS can be supported by using rate-matching as LTE PUSCH. 
Proposal 8: Multiplexing of UCI and SRS can be supported for long duration PUCCH format with rate matching according to SRS transmission configuration.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Simultaneous transmission of PUSCH and short duration PUCCH format on different frequency resources should be supported at least in a slot having a short UL region.
Proposal 2: TDM multiplexing of UL data and the short duration PUCCH format can be supported. In this case, either mini-slot based UL transmission is configured or the PUSCH duration can be indicated in an UL grant or implicitly determined by reserving a fixed region for the short duration PUCCH format.
Proposal 3: UCI on PUSCH should be supported for short and long duration PUCCH format, and the following methods can be considered:
· Method 1: Reuse UCI on PUSCH mechanism in LTE
· Method 2: UCI can be considered as part of UL data to be appended at the beginning or the end or both the beginning and the end of UL data on NR PUSCH

Proposal 4: Multiplexing of UCI and SRS should be not supported for short duration PUCCH format for DFT-S-OFDM waveform.

Proposal 5: If the frequency bandwidth of SRS is not overlapped with short duration PUCCH format in the last symbol in a slot, FDM multiplexing of SRS and short duration PUCCH format can be supported.

Proposal 6: SRS should be dropped when the frequency bandwidth of SRS is overlapped  with short duration PUCCH format.
Proposal 7: TDM multiplexing of UL data and the long duration PUCCH format should be not supported. Proposal 8: Multiplexing of UCI and SRS can be supported for long duration PUCCH format with rate matching according to SRS transmission configuration.
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