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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 uplink control signalling in the presence of UL data. We provide details related to the design of long PUCCH and short PUCCH in companion contributions [4] and [5], respectively.
2	Discussion 
In order to minimize the scheduler complexity, there is a need to support uplink control information (such as HARQ-ACK) transmission simultaneously with UL data. According to decisions made in RAN1#87 [3] 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.
From link budget point of view, simultaneous transmission of PUCCH and PUSCH cannot be seen as a reasonable option for DFT-S-OFDM [6]. This means that simultaneous transmission of PUCCH and PUSCH needs to be supported only with CP-OFDM waveform. 
Proposal 1: Simultaneous transmission of long PUCCH and PUSCH 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 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. 
· With UCI multiplexed on PUSCH, it 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.
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Figure 1. Moving PUCCH resources adjacent to or inside PUSCH allocation. 
TDM multiplexing between UCI and UL data is supported already in LTE. However, the multiplexing solution defined in LTE is not a good solution for NR since it does not provide frequency diversity for UCI in the cases when CP-OFDM is applied. Furthermore, there is a need to have simplification compared to LTE operation. For example, in the case when HARQ-ACK is multiplexed with UL data on PUSCH, LTE applies data puncturing, which results in multiple hypothesis testing at eNB side.
Observation 2: Current UCI multiplexing solution defined in LTE cannot be used as such in NR.  
For CP-OFDM, the basic assumption is that UCI is conveyed primarily via PUCCH (either short PUCCH TDM'ed with UL data, or long PUCCH FDM’ed with UL data). However, gNB should have an opportunity to multiplex (at least part of the) UCI with UL data on PUSCH. This may be needed e.g. in the case when there is a reason to maximize the control channel coverage, or in the case when the UCI payload is large. This can be made according to the following rules:
· UCI transmitted via PUSCH is triggered by means of L1 control information included in UL grant
· Data is rate matched (i.e. mapped) around UCI. This should cover both HARQ-ACK and CSI.
· In order to maximize the coding gain for different UCI types, consider joint coding for HARQ-ACK and RI at least when multiplexed with UL data on PUSCH.
· The current LTE UCI dimension formula can be reused to determine the number of resource elements for UCI. In the case of CP-OFDM, power boosting of UCI can be used as a complementary way to adjust the UCI quality w.r.t data.
Proposal 2: Support UCI on PUSCH for both DFT-S-OFDM and CP-OFDM. 
Proposal 3: UCI multiplexing with UL data on PUSCH is triggered by UL grant.
Proposal 4: UL data is rate matched around UCI.
Proposal 5 Consider joint coding for HARQ-ACK and RI on PUSCH. 
Observation 3: Current LTE UCI dimension formula can be reused to determine the number of resource elements for UCI.
Due to the fact that OFDM has a different frequency diversity mechanism compared to DFT-S-OFDM used in LTE, UCI resource element mapping needs to be changed compared to LTE. UCI mapping needs to follow a predetermined pattern (RE mapping order) in frequency and time. A predetermined mapping pattern can achieve higher frequency diversity than direct frequency first mapping when small or modest UCI payload is multiplexed on a wide PUSCH allocation. Figure 2 shows an example of such pattern for CP-OFDM with front-loaded RS and TDM multiplexing between RS and data.
· Pattern is defined such that frequency diversity can be achieved (or maximized) already with a small number of UCI resource elements. The number of frequency domain clusters and the exact pattern is FFS. 
· In the considered example, UCI is mapped into four frequency domain clusters (excluding possible resource elements reserved for DMRS) according to predefined mapping order. HARQ-ACK and the first part of the CSI (on 8 resource elements in the current example) are mapped the PUSCH resources starting from the 2nd OFDM symbol, whereas the second part of the CSI (on 28 resource elements) is mapped onto the PUSCH starting from the last OFDM symbol of the slot, respectively.
· Similar mapping principle can be applied for both CP-OFDM and DFT-S-OFDM.

Proposal 6: Define a mapping pattern providing sufficient frequency diversity for UCI with CP-OFDM.
· 	The number of frequency domain clusters and the exact pattern is FFS.
·  Similar mapping principle can be applied for both CP-OFDM and DFT-S-OFDM.
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Figure 2. Example on UCI multiplexing with UL data. 

3	Conclusions
In this contribution we have discussed the UCI multiplexing design in the presence of UL data. 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.
Observation 2: Current UCI multiplexing solution defined in LTE cannot be used as such in NR.  
Observation 3: Current LTE UCI dimension formula can be used to determine the number of resource elements for UCI

Proposal 1: Simultaneous transmission of long PUCCH and PUSCH is supported only with CP-OFDM waveform.
Proposal 2: Support UCI on PUSCH for both DFT-S-OFDM and CP-OFDM. 
Proposal 3: UCI multiplexing with UL data on PUSCH is triggered by UL grant.
Proposal 4: UL data is rate matched around UCI.
Proposal 5: Consider joint coding for HARQ-ACK and RI on PUSCH. 
Proposal 6: Define a mapping pattern providing sufficient frequency diversity for UCI with CP-OFDM.
· The number of frequency domain clusters and the exact pattern is FFS.
· Similar mapping principle can be applied for both CP-OFDM and DFT-S-OFDM. 
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