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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 as well as multiplexing between PUCCHs. 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 long 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 Fig. 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.
[bookmark: _GoBack]Proposal 2: Simultaneous transmission of PUCCH and PUSCH per UE does not change the PUCCH frequency location.
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Figure 1. Moving PUCCH resources adjacent to or inside PUSCH allocation. 
3.	Multiplexing between PUCCHs 
During RAN1#88bis [10], following agreement was reached on the multiplexing between different PUCCHs:
Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs). 
When considering the remaining FFS points, URLLC and especially the related low latency aspect need to be considered. Aligning URLLC, or more generally, low-latency traffic related HARQ-ACK/SR transmission with slot structure introduces additional delays to HARQ retransmission on DL and to packet scheduling on UL (in the case of grant-based transmission). These delays can be unacceptable when reaching for the tight URLLC reliability requirement of 10-5 for a small packet with a user plane latency of 1 ms [2]. Correspondingly, it has been captured in the NR Technical Report [11] that for URLLC, time interval between SR resources configured for a UE can be smaller than a slot. 
Therefore, low-latency UCI requires a PUCCH design where PUCCH transmission can occur in multiple time positions in a slot. On other hand, UE may already have started long PUCCH transmission when HARQ feedback for low-latency traffic is ready to be transmitted. This brings the question of how to handle the transmission of long PUCCH and low-latency UCI at the same time. In our view, simultaneous transmission of UCI for both low-latency traffic and for other traffic can be supported. Of course, there are some aspects that need to be considered in the case of simultaneous transmission of UCI, like special rules for situations where UE does not have enough Tx power to transmit both UCIs at the targeted power level. 
When considering the multiplexing of long PUCCH and short PUCCH for low-latency UCI from a single UE perspective, it is worth to note that gNB cannot assume that UE has received DL grant that triggers long PUCCH transmission when transmitting low-latency DL traffic. Hence gNB will allocate separate PUCCH resources for low-latency traffic related UCI. This means that FDM is available for multiplexing of long PUCCH and short PUCCH. 
On the other hand, FDM can suffer from IMD and PAPR. Hence, we see it necessary to support possibility to multiplex both UCIs on the same PRB(s). This provides also additional benefits in terms of DMRS overhead, as same DMRS and channel estimates can be used for both UCI. Simple yet brutal way is to puncture long PUCCH with short PUCCH content. However, we see that there are possibilities to use CDM when long PUCCH uses a PUCCH format with cyclic multiplexing.
Proposal 3: Long PUCCH and short PUCCH can be transmitted from one UE in the same slot in FDM manner. 
Proposal 4: Long PUCCH and short PUCCH can be transmitted from one UE in the same slot in CDM manner.
4.	Conclusions
In this contribution, we have discussed the multiplexing between long PUCCH and PUSCH as well as between PUCCHs. Based on the discussion, we make the following observations and proposals:
Multiplexing between long PUCCH and PUSCH:
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.
Proposal 2: Simultaneous transmission of PUCCH and PUSCH per UE does not change the PUCCH frequency location.
Multiplexing between PUCCHs:
Proposal 3: Long PUCCH and short PUCCH can be transmitted from one UE in the same slot in FDM manner. 
Proposal 4: Long PUCCH and short PUCCH can be transmitted from one UE in the same slot in CDM manner.
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