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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to uplink control signalling in the presence of UL data. In RAN1 #86bis, the following agreements related to this scenario were made [3]:
Agreements:
· 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

We provide details related to PUCCH design in a companion contribution [4].
2	Discussion 
In this section we provide detailed views on the topics related to UCI multiplexing in the presence of UL data being discussed in the email discussion thread [86b-22].
When using short PUCCH, multiplexing between UCI and uplink data is based on TDM (Case 2). Hence, in this case, the slot structure facilitates also the multiplexing. However, link performance of short PUCCH is not always sufficient, and sometimes long PUCCH needs to be used instead of short PUCCH. When the long PUCCH format is used, there are two main tracks for the multiplexing (see Figure 1):
· Case #1: Keep UCI always on PUCCH
· Case #3: Multiplex UCI with UL data on PUSCH. Multiplexing between UCI and UL data can be based on TDM/FDM.

Assuming that NR air interface will be based on CP-OFDM, there is no need to worry about CM/PAR. In that sense, Case 1 is a good starting point when short PUCCH is not sufficient. It can be seen also as a clean solution from system complexity point of view since UCI structure does not vary depending on the presence of UL data.

On the other hand, there are two main reasons to consider also Case #3:
· Case #1 does not support DFT-S-OFDM with low cubic metric. See more discussion in a companion contribution [5].
· Link performance of Case #1 is not optimal, due to l) higher reference signal overhead, 2) limited degree of frequency diversity and 3) lack of scheduling gain. Furthermore, PUSCH can support also the largest UCI payloads (such as aperiodic CSI) whereas PUCCH is not typically optimized for such a scenario. For example, PUCCH triggering and resource allocation may involve considerable limitations compared to PUSCH. 

Based on the discussion above, there seems to be the need for supporting both Case #1 and Case #3 in addition to Case #2.

Proposal #1: Support UCI multiplexing with UL data on PUSCH
Proposal #2: Support simultaneous transmission of PUSCH and long PUCCH
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			Figure 1 Two approaches for multiplexing between UCI and UL data (PUSCH).
3	UCI multiplexing with UL data on PUSCH 
Case #3 is widely used in LTE. However, the multiplexing solution defined in LTE is not feasible 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 #1: Current UCI multiplexing solution defined in LTE cannot be used as such in NR  

[bookmark: _GoBack]For NR, the basic assumption is that, UCI is conveyed primarily via PUCCH (either short PUCCH TDMed with UL data, or long PUCCH FDMed with UL data). However, BS 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 used 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 #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 #2: The current LTE UCI dimension formula can be used 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. 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 
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Figure 2 Example: UCI multiplexing with UL data. 

4	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: Current UCI multiplexing solution defined in LTE cannot be used as such in NR  
Observation #2: The current LTE UCI dimension formula can be used to determine the number of resource elements for UCI

Proposal #1: Support UCI multiplexing with UL data on PUSCH
Proposal #2: Support simultaneous transmission of PUSCH and long PUCCH
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 
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