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1. Introduction

In LTE, PUCCH is transmitted in PRBs around the edges of the system bandwidth. It is used to carry uplink control information (UCI) such as Ack/Nack for downlink PDSCH transmission and channel state information (CSI) feedback from the UE. The main design criteria for PUCCH is robustness,  capacity as well as coverage. When PUSCH is also scheduled in the same subframe, to avoid the simultaneous transmission of PUSCH and PUCCH and thus maintain low PAPR, UCI could be piggybacked onto the PUSCH.  In 5G NR, with new design requirement emerges such as low latency, two types of PUCCH are introduced, one is called PUCCH with long duration and the other is called PUCCH with short duration. PUCCH with long duration is similar as PUCCH in LTE, which uses more symbols in the slot and mainly targets the coverage while PUCCH with short duration will be transmitted on a few symbols towards the end of a slot and to achieve quick feedback of Ack/Nack.
In RAN1 87 meeting,. The following agreements were reached which indicate that simultaneous PUSCH and PUCCH could be supported as well as UCI on PUSCH
Agreements:
· 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
In RAN1 NR Ad-hoc meeting held in Jan of 2017,  the above agreements are further reiterated 
Agreements:
· For PUCCH in long-duration,
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported
In RAN1 88 meeting, there was no discussion on this subject. In this contribution, some design principles on how to multiplex UCI and data on PUSCH are discussed and our preferences at this stage are presented.
2. UCI and data multiplexing on PUSCH
In LTE, the UCI including  Ack/Nack, CSI, RI could be piggybacked onto PUSCH when there are data  scheduled in the same subframe. In the other case, when there is aperiodic CSI feedback, due to the large amount of payload, it will also be transmitted on PUSCH even if there is no data transmission. As UCI requires more lower coding rate as compared with data, an offset is applied to obtain the number of REs that are used to carry UCI and different types of UCI are placed at different positions depending on their importance, normally Ack/Nack and RI are more important than CSI (PMI/CQI) and therefore they are placed around the RS symbols to benefit relative more accurate channel estimation. The data are punctured by UCI to avoid rate matching variation due to the insertion of UCI. In general,  UCI on PUSCH would require quite some additional efforts to make sure they are transmitted and received correctly.  Even with such non-trivial efforts, the impact to both UCI and data  may not be negligible. On one side, the UCI performance on PUSCH may not be the same as that on PUCCH, on the other side, the data transmission would be impacted due to the puncturing of UCI. 
To reduce such impact in both specifications and system performance, some design philosophy used in LTE could be modified. First is to separate the transmission of UCI and the data, for example, transmit UCI in separate PRBs than those for data, even the overall resources allocation for PUSCH can be done and signaled together in the same DCI. One simple way is to use the PRBs at both edges of allocated frequency resources for UCI. Figure 1 shows an example, where the PRBs on both sides of allocated resources could be used for UCI and the rest are used for data
Proposal:
· Consider to use separate PRBs for UCI and data when UCI is piggybacked on PUSCH.
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Figure 1: PRB allocation for UCI and data 
Among UCIs, as Ack/Nack and RI information are more important and need more protection, they could be transmitted separately from other UCI. Also for low latency application, it is desired to decode Ack/Nack first so that more processing time could be obtained to prepare for the re-transmission, thus, it may be good to place Ack/Nack (and RI)  around the start of the slot so that they could be decoded first. An example of such partition is shown in Figure 2 where Ack/Nack are transmitted around the beginning of the slot followed by other UCI such as PMI/CQI. 
Proposal:
· Consider to use different portion to transmit different types of UCI. Transmit Ack/Nack (and maybe RI) at the beginning of the slot
The Ack/Nack and maybe some other UCI could be transmitted on PUCCH as well, for example, on PUCCH with long duration, and/or PUCCH on short duration. For PUCCH with long duration, DFT-S-OFDM will be used as the waveform due to lower PAPR consideration and some orthogonal sequences such as Zadoff-Chu family could be used to modulate/spread UCI and map them on symbols.  For UCI on PUSCH, even though other ways of coding/modulation could be used for UCI such as Ack/Nack, it may be better to use the similar ways as that used for PUCCH to transmit them on PUSCH, hence make the performance more consistent and resource allocation more predictable.  For example,  Ack/Nack could still be modulated/spread by some orthogonal sequences and mapped and multiplex on the symbol. 
Proposal:
· Consider to use similar transmission manner to transmit UCI on both USCH and PUCCH (at least PUCCH with long duration)
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Figure 2 Partition of resource for different types of UCI
The other aspect that needs to be considered is the waveform (WF) of  UCI part on PUSCH. It was agreed that two types of WF are supported in 5G NR uplink, namely, the DTS-S-OFDM and CP-OFDM. Each WF has its own advantages and drawbacks. In general, DFT-S-OFDM had lower PAPR, and thus can improve the coverage, while CP-OFDM has good spectrum efficiency and more easy for MIMO implementation, however, it has larger PRPA and therefore may have less coverage.   As the data part in PUSCH could use either of the WF for different scenarios, it may be more straightforward to use the same WF for UCI portion as well.  This would guarantee the similar performance/coverage between data and control, and also make it more easy for the overall design of PUSCH such as RS, MIMO schemes. Figure 3 show an example that both UCI and data parts in PUSCH adopts CP-OFDM WF, and hence, some distributed RS could be multiplexed with  either UCI part or data part in FDM manner. The same WF would allow the design of RS together and provide a more consistent and uniform RS pattern for good channel estimation performance with  reasonable overhead. 
Proposal:
· Adopt the same waveform for both UCI and data on a PUSCH
 

[image: image3]
Figure 3:  Example of using CP-OFDM WF for UCI and data on PUSCH
3. Conclusions
In this contribution, some design considerations are discussed on UCI multiplexing with data on PUSCH. Our current views  could be summarized as follows
Proposals :  
· Consider to use separate PRBs for UCI and data when UCI is piggybacked on PUSCH
· Consider to use different portion to transmit different types of UCI. Transmit Ack/Nack (and maybe RI) at the beginning of the slot
· Consider to use similar transmission manner to transmit UCI on both PUSCH and PUCCH (at least PUCCH with long duration)
· Adopt the same waveform for both UCI and data on a PUSCH
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