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Introduction
Up to RAN1 #88, the following related to simultaneous transmission of PUSCH and PUCCH has been agreed:
Agreements [1]
· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not   a part of the resource allocated for UL data 
· Case 2: UL data and UCI are TDMed where the resource for UCI is not   a part of the resource allocated for UL data 
· Case 3: UL data and UCI are multiplexed where the resource for UCI is  a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
Further study on other possibilities is not precluded
Agreements [2]
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
Agreements: [3]
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

In this contribution we discuss simultaneous transmission of PUSCH and PUCCH.
Discussion
Simultaneous transmission of PUSCH and PUCCH can lead to severe intermodulation products if PUSCH and PUCCH occupy frequency resources that are widely separated. PUSCH is typically dynamically scheduled. How PUCCH resources are determined is not yet decided but one can expect PUCCH resources are often allocated close to the UE bandwidth edge to obtain frequency diversity. Gaps between PUSCH and PUCCH resources are therefore likely to occur. Contribution [4] therefore suggests to consider for simultaneous transmission of PUSCH and PUCCH moving the PUCCH resources adjacent to allocated PUSCH resource. Figure 1 depicts this approach where it is assumed that PUCCH applies frequency hopping to obtain frequency-diversity. One potential drawback of this scheme is how to address the orange resources marked with “???” in Figure 1.
[image: ]
[bookmark: _Ref470000260]Figure 1	PUCCH resources are moved adjacent to PUSCH for simultaneous transmission of PUSCH and PUCCH (the dashed PUCCH is not transmitted). 
One possibility to overcome this difficulty is to move PUCCH not adjacent to but inside the scheduled PUSCH resources, see Figure 2. The combined PUSCH and PUCCH shape is still rectangle in time-frequency and adjacent resources can be addressed. 
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[bookmark: _Ref470000301]Figure 2	PUCCH resources are moved inside PUSCH for simultaneous transmission of PUSCH and PUCCH (the dashed PUCCH is not transmitted).
The gNB is aware when it expects simultaneous transmission of PUSCH and PUCCH (and thus PUCCH within PUSCH) and can schedule a slightly larger UL grant to accommodate PUSCH and PUCCH (this is similar to the case of PUCCH moved adjacent to PUSCH, also here the scheduler must be aware when PUCCH is moved adjacent to PUSCH to avoid collisions between moved PUCCH and other transmissions).
If HARQ DL feedback is punctured into PUSCH resources (and not PUSCH rate-matched around PUCCH) a missed DL assignment (and thus UE is not aware it should transmit PUCCH) doesn’t lead to a different PUSCH resource mapping and multiple decoding hypothesis at gNB. Periodic CSI or aperiodic CSI requested in UL grant scheduling PUSCH can be considered in PUSCH rate matching.
The problem of intermodulation products is especially severe for wide gaps between PUSCH and PUCCH resources, one can therefore consider to keep (i.e. not to move) original PUCCH resources if they are close (but not necessarily adjacent) to PUSCH and move PUCCH resources if original PUCCH resources are far away from PUSCH. 	
Proposal: For simultaneous transmission of PUSCH and PUCCH, consider to move PUCCH resources adjacent/inside PUSCH to avoid intermodulation products, at least for the case of large frequency separation between PUSCH and PUCCH resources.


Conclusion
This paper discusses simultaneous transmission of PUSCH and PUCCH and intermodulation products that occur if PUSCH and PUCCH resource are widely separated in frequency. The following is proposed:
Proposal: For simultaneous transmission of PUSCH and PUCCH, consider to move PUCCH resources adjacent/inside PUSCH to avoid intermodulation products, at least for the case of large frequency separation between PUSCH and PUCCH resources.
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