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1.	Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item. 
This contribution relates to multiplexing between long PUCCH and PUSCH. We consider the multiplexing of uplink control information on PUSCH resources in [3], and we provide details related to the design of long PUCCH and short PUCCH in companion contributions [4] and [5], respectively.
2.	Multiplexing of PUSCH and PUCCH 
To minimize the scheduler complexity and to avoid unnecessary losses in DL and/or UL throughput, there is a need to support uplink control information (such as HARQ-ACK) transmission simultaneously with UL data. According to the decisions made in RAN1#87 [6] during the NR SI, the following functionalities are supported:
· Simultaneous transmission of PUCCH and PUSCH at least for the long PUCCH format, and
· Multiplexing of UCI and UL data on PUSCH resources.
In the case of DFT-S-OFDM, simultaneous transmission of PUCCH and PUSCH will increase the PAPR and, hence, will reduce the link budget gain achievable with DFT-S-OFDM. On the other hand, there is no such penalty when multiplexing UCI with UL data on PUSCH resources. Hence, there is no clear need to support simultaneous transmission of PUCCH and PUSCH with DFT-S-OFDM waveform. This means that simultaneous transmission of PUCCH and PUSCH needs to be supported only with CP-OFDM waveform. 
Proposal 1: Simultaneous transmission of PUCCH and PUSCH per UE is supported only with CP-OFDM waveform
There has been discussion [7]-[9] that when UE transmits long PUCCH simultaneously with PUSCH, long PUCCH resources may be moved adjacent or inside PUSCH allocation to mitigate IMD as shown in Figure 1. However, natural alternative would be to transmit UCI multiplexed on PUSCH. When compared to the transmission of UCI multiplexed on PUSCH, moving PUCCH and using long PUCCH channelization within PUSCH allocation (or adjacent to) is not an attractive option: 
· When PUCCH resources are moved inside PUSCH allocation, PUCCH will occupy 1 PRB. This is excessive UCI overhead especially when UCI contains only couple of bits e.g. for HARQ ACK. When PUCCH resources are moved adjacent to PUSCH allocation, the situation is even worse with UCI overhead of 2 PRBs: another PRB is wasted as it cannot be allocated to any other UE due to PUCCH frequency hopping, as shown in Figure 1. 
· Even for large UCI payloads, the moving of PUCCH resources inside PUSCH allocation does not seem to provide any tangible benefits over the UCI on PUSCH mechanism. Instead, with UCI multiplexed on PUSCH, UCI benefits from full frequency diversity within PUSCH allocation. With PUCCH channelization, UCI is transmitted only on 2 frequency locations.  
Further, introducing additional mechanism to move PUCCH on PUSCH resources in addition to the multiplexing of UCI on PUSCH increases just system complexity without any benefits. Hence, we see that UCI should be transmitted on PUSCH, using the UCI multiplexing mechanism, instead of moving long PUCCH inside or adjacent to PUSCH resources in the cases where simultaneous long PUCCH and PUSCH creates problematic IMD.  
Observation 1: UCI on PUSCH should be used in cases where simultaneous transmission of long PUCCH and PUSCH is problematic.
Proposal 2: Simultaneous transmission of PUCCH and PUSCH per UE does not change the PUCCH frequency location.
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[bookmark: _Ref484693175]Figure 1: Moving PUCCH resources adjacent to or inside PUSCH allocation.

Depending the UEs latency budget, link budget and UCI payload size, the UCI information can be transmitted using long PUCCH and/or short PUCCH. The UCI transmission on PUCCH can happen while there is an ongoing PUSCH. Therefore, NR should support FDM multiplexing of PUSCH with long PUCCH and/or short PUCCH as shown in Figure 2.


[bookmark: _Ref484693184]Figure 2: FDM Multiplexing options of PUSCH with Long PUCCH and Short PUCCH.
Proposal 3: NR shall support FDM multiplexing of PUSCH with long PUCCH and/or short PUCCH.
4.	Conclusions
In this contribution, we have discussed the multiplexing between long PUCCH and PUSCH. Based on the discussion, we make the following observations and proposals:
Observation 1: UCI on PUSCH should be used in cases where simultaneous transmission of long PUCCH and PUSCH is problematic.
Proposal 1: Simultaneous transmission of PUCCH and PUSCH per UE is supported only with CP-OFDM waveform.
[bookmark: _GoBack]Proposal 2: Simultaneous transmission of PUCCH and PUSCH per UE does not change the PUCCH frequency location.
Proposal 3: NR shall support FDM multiplexing of PUSCH with long PUCCH and/or short PUCCH.
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