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Introduction
It was agreed in RAN1#87a that For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration

In this contribution, we express our views on multiplexing data and UCI in long duration. 
Discussion on UCI on PUSCH 
In 5G, it has been agreed that PUSCH will have both waveforms supported: DFT-s-OFDM and CP-OFDM. And a UE may switch its waveform if certain condition is changed. It’s also been agreed that both simultaneous PUCCH and PUSCH transmission as well as UCI on PUSCH are supported. For UCI on PUSCH, Some of the piggyback principles similar to LTE may be adopted. For example, the ACK symbols may be adjacent to DMRS symbols for best channel estimation. RI symbols may be adjacent to ACK symbols.  CQI may be distributed in every OFDM symbols in the long duration. ACK will puncture PUSCH data tones while CQI and RI will be rate matched around. The resource allocated to UCI may be controlled by adjusting the   values for each UCI type. On the other hand, to reduce processing complexity, it’s desirable to maximize the commonality of UCI on PUSCH for different waveforms. Ideally, the channel structure of UCI on PUSCH may be the same for different waveforms except for additional DFT applied for DFT-s-OFDM waveform. Furthermore, it’s desirable to have both frequency and time domain diversity for UCI to ensure performance requirement is met. The frequency diversity may be naturally achieved by DFT in DFT-s-OFDM waveform. For CP-OFDM waveform, such a frequency diversity may be achieved with mapping UCI tones to different frequency locations. A common resource mapping for UCI on PUSCH structure for both DFT-s-OFDM and CP-OFDM is illustrated in Figure 1. 
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Figure 1. Resource mapping for UCI on PUSCH
Note that, to facility CQI early decoding, CQI may also be mapped in a frequency first fashion. We therefore have the following proposal:
Proposal 1: Strive for a common design of UCI on PUSCH for both DFT-s-OFDM and CP-OFDM waveforms in long duration.
· Apply the same resource mapping of UCI with either puncturing or rate matching data in the same way. 
· UCI tones are interleaved in frequency domain to achieve frequency diversity.
· The only difference between the two waveform is the DFT operation for DFT-s-OFDM.

 Proposal 2: Follow the same design philosophy as LTE including
· ACK /RI symbols close to DMRS symbols.
·  ACK puncturing data, and CQI and RI are rate matched around.
· Flexible resource control for UCI with adjusting values.

The UCI resource is controlled by  values which in LTE is a single value per UCI type semi-statically configured. These offsets are often set either too conservative in order to ensure UCI performance thus leading to unnecessary negative performance impact on PUSCH, or insufficient to meet UCI performance requirement. It’s thus desirable to have dynamic  selection for each transmission. This can be done by semi-statically configured a few  values and PDCCH can then dynamically select which value to be used in the current transmission. We therefore have the following proposal:
Proposal 3: Consider dynamic selection of  values for UCI on PUSCH. 
In short duration, there is only one or two symbols to transmit PUSCH. When UCI and PUSCH are transmitted together, it is not straightforward to extend the same design to piggyback UCI on PUSCH similar to LTE. A simultaneous transmission of PUCCH and PUSCH in different symbol or frequency is preferred for simplicity as discussed in the next section.
Discussion on simultaneous transmission of PUCCH and PUSCH
With simultaneous PUCCH and PUSCH transmission from the same UE, there are two options to transmit PUCCH with PUSCH. 
· Option 1: PUCCH is transmitted in adjacent RBs with PUSCH.
· Option 2: disjoint multi-cluster transmission.

Figure 2 and Figure 3 illustrates one example for option 1 and option 2 respectively. UE1 is transmitting PUCCH and PUSCH simultaneously in long duration and UE2 is transmitting PUCCH and PUSCH simultaneously in short duration. For Option 2, we reuse the channel structure and resource allocation for each individual channel, and thus incurs least change but we may have severe inter-mod leakage making this option impractical after all. In [1], we have detailed study on the impact of inter-mod leakage. For Option 1, the channel structure for PUCCH stripes can be simple extension of PUCCH structure. Since Option 1 uses adjacent RBs to transmit PUCCH and PUSCH, we will not see inter-mod leakage as in disjoint multi-cluster transmission of option 2. But we will need different resource allocation in Option 1. Furthermore, we may not have sufficient frequency diversity for PUCCH if PUSCH bandwidth is not large enough. Although the two options have different pros and cons, option 1 may be more practical since there is no inter-mod leakage.


[bookmark: _Ref466042856]Figure 1: Option 1 for simultaneous PUCCH and PUSCH transmission from the same UE.


[bookmark: _Ref466042870]Figure 2: Option 2 for simultaneous PUCCH and PUSCH transmission from the same UE.
We therefore for have the follow proposal:
Proposal 4: For simultaneous PUCCH and PUSCH transmission from the same UE, consider transmitting PUCCH in adjacent RBs with PUSCH
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In this document, we consider multiplexing UCI and data in UL long duration. We addressed UCI on PUSCH and simultaneous transmission of PUCCH and PUSCH separately. For UCI on PUSCH, it’s desirable to have a common design for both DFT-s-OFDM and CP-OFDM waveforms. To ensure UCI performance, we should consider utilizing frequency and time diversity for UCI. The frequency diversity may be achieved by interleaving UCI tones in frequency domain. In order to allocate resource for UCI on PUSCH more efficiently, it’s also desirable to have a dynamic selection of the  values. We therefore have the following proposals for UCI on PUSCH:
Proposal 1: Strive for a common design of UCI on PUSCH for both DFT-s-OFDM and CP-OFDM waveforms.
· Apply the same resource mapping of UCI with either puncturing or rate matching data in the same way. 
· UCI tones are interleaved in frequency domain to achieve frequency diversity.
· The only difference between the two waveform is the DFT operation for DFT-s-OFDM.

 Proposal 2: Follow the same design philosophy as LTE including
· ACK /RI symbols close to DMRS symbols.
·  ACK puncturing data, and CQI and RI are rate matched around.
· Flexible resource control for UCI with adjusting values.

Proposal 3: Consider dynamic selection of  values for UCI on PUSCH. 
For simultaneous transmission of PUCCH and PUSCH, the disjoint multi-cluster transmission option will have severe inter-mod leakage. We therefore have the following proposals:
Proposal 4: For simultaneous PUCCH and PUSCH transmission from the same UE, consider transmitting PUCCH in adjacent RBs with PUSCH
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