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In RAN1#86 [1] and RAN1#87 [2], the followings have been agreed for PUCCH and PUSCH channelization:
· 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
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM

It was further agreed in RAN1 ad hoc that:
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.

In this contribution, further thoughts on the channel structure and multiplexing for the long PUCCH format. 
[bookmark: _Ref462669569]Structure for long PUCCH format
Diversity schemes
For UE with multiple antenna ports, transmit diversity schemes can be exploited further improve UCI reliability. Various transmit diversity schemes are further discussed in [5]. Specifically, for long PUCCH format, a modified STBC scheme can be adopted to achieve full transmit diversity gain, while still keep the single carrier property. The only requirement is the number of data symbols is even. When the number of data symbols is not even, a trivial extension with scaled numerology (i.e., physical splitting of symbol) or virtual symbol splitting can be adopted, as explained in [5].
In addition to transmit diversity, frequency diversity can also be exploited by utilizing frequency hopping technique, similar as that used in existing LTE design.


Figure 2‑1 Frequency hopping of PUCCH
Proposal 1: Support STBC for long PUCCH to achieve full transmit diversity.

User multiplexing
As explained in section 2.1, the PUCCH format supporting just one of a few bits UCI feedback can be based on sequence design similar as LTE PUCCH format 1 & 2. In this case, users can potentially be multiplexed using CDM (e.g. shift orthogonal) over the same PRB’s. In general, for PUCCH formats with larger number of bits (e.g. ~100 bits or more) using DFT-S-OFDM waveforms, they should be FDM’ed using different PRB’s. The exact resource for a specific user can either be allocated semi-statically, or dynamically through DCI or specific mapping rules based on downlink resource allocation.

Channel multiplexing
As shown in section 1, NR will support simultaneous PUCCH and PUSCH at least for the long PUCCH format. It is also agreed that “UCI on PUSCH” is also supported for NR. Therefore, the ambiguous part is the corresponding usage scenarios for each of two multiplexing schemes, respectively.
The different channel multiplexing scheme (for data and UCI) can lead to different trade-offs between power back offs to meet RF emission requirements, as well as control resource requirements. For example, a discontinuous multi-cluster PUCCH and PUSCH structure as shown in Figure 2‑2 (a) will lead to larger power back off due to the potential inter-mod emission. Therefore, this scheme is suitable to UE’s with good link budget and don’t need to transmit at peak power. This also implies that PUSCH is likely configured with CP-OFDM waveform.
On the other hand, for UE’s that are link budget limited and can’t afford power back offs to meet emission requirements, discontinuous multi-cluster PUCCH and PUSCH is not suitable. In such cases, either FDM with contiguous RBs as shown in Figure 2‑2 (b), or UCI on PUSCH as shown in Figure 2‑2 (c) can be adopted. Both schemes are less impacted by inter-mod, and both schemes can support low PAPR waveforms. Specifically, when both PUCCH and PUSCH select low PAPR waveforms, Figure 2‑2 (b) achieve PAPR only slightly worse than single carrier waveform, as shown in Figure 2‑3. 
More detailed discussions on data and UCI multiplexing can be found in [4].
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[bookmark: _Ref471463206]Figure 2‑3 PAPR of OFDM and multi-cluster DFT-s-OFDM waveforms
Proposal 2: Support either contiguous FDM of PUCCH & PUSCH, or UCI on PUSCH for link budget limited UE’s with simultaneous UCI and uplink data.
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In summary, we observe the following proposals for long PUCCH:
Proposal 1: Support STBC for long PUCCH to achieve full transmit diversity.
[bookmark: _GoBack]Proposal 2: Support either contiguous FDM of PUCCH & PUSCH, or UCI on PUSCH for link budget limited UE’s with simultaneous UCI and uplink data.
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