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In RAN1_86-Bis [1] [2], the following has been agreed for NR UL waveform
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· FFS additional low PAPR techniques 
· CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)
· Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use
· Note: both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs

In this contribution, first of all, it is proposed that PUCCH is always DFT-S-OFDM based in favor of link budge limited users to send uplink control information successfully. PUSCH channel can be based on either DFT-S-OFDM or CP-OFDM, based on eNB scheduler decision. 
The rest of the contribution is organized as the following. In section 2, the waveform for PUCCH and PUSCH is discussed. In Section 3, the multiplexing of simultaneous PUCCH and PUSCH from the same UE is discussed. In Section 4, the multiplexing of different UEs with only PUCCH transmission is discussed. The multiplexing of PUSCH channels, is addressed in Section 5. The conclusions are listed in Section 6.
[bookmark: _Ref466044951][bookmark: _Ref462669595][bookmark: _Ref462669569]Waveform for PUCCH and PUSCH
In RAN1_86-Bis [1] [2], it is agreed that both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs. For control channel, in order to make sure link budget limit users can send uplink control information successfully back to eNB, PUCCH should always be DFT-S-OFDM based, because the low PAPR advantage of DFT-S-OFDM waveform. While data channel can be based on either DFT-S-OFDM or CP-OFDM, depends on eNB scheduler decision.
Proposal 1: PUCCH channel is based on DFT-S-OFDM. PUSCH channel can be based on DFT-S-OFDM or CP-OFDM. 
[bookmark: _Ref466044929]Multiplexing simultaneous PUCCH and PUSCH from the same UE
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 side by side with PUSCH, as shown in Figure 1.
· Option 2: PUCCH is multiplexed before DFT with PUSCH and piggybacked inside PUSCH, as shown in Figure 2. 



[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.

Proposal 2: For simultaneous PUCCH and PUSCH from the same UE, consider the following options:
· Option 1: transmit PUCCH in adjacent RBs with PUSCH
· Option 2: piggyback PUCCH in PUSCH
[bookmark: _Ref463027297]Multiplexing PUCCH from different UEs with PUCCH transmission only
The multiplexing of PUCCH channels from different UEs with only PUCCH transmission is very similar to LTE. As shown in Figure 3, PUCCH is assigned to edge RBs with frequency hopping between two mini slots in a slot. CDM of multiple UEs in one PUCCH RB is also allowed. The minor difference from LTE is that the number of symbols in each mini-slot is not the same as the number of symbols in one slot in LTE.


[bookmark: _Ref458676550]Figure 3: Multiplexing PUCCH from different UEs with PUCCH transmission only.

Proposal 3: LTE-like multiplexing of PUCCH from different UEs with PUCCH transmission only.
[bookmark: _Ref463027308][bookmark: _Ref378529477]Multiplexing PUSCH from different UEs
The fact that NR uplink supports both CP-OFDM and DFT-S-OFDM waveforms gives eNB scheduler much more flexibility in multiplexing of PUSCH, compared to LTE uplink. The fragmented spectrum left by the contiguous allocation for users with DFT-S-OFDM can be utilized by the users with CP-OFDM. 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]In addition to multiplexing PUSCH from different users in frequency domain, they can also be multiplexed on to different spatial streams, i.e. MU-MIMO. This can be applied to both CP-OFDM and DFT-S-OFDM users in the uplink. One potential limitation would be that if all streams in the MU-MIMO are CP-OFDM waveforms, a symbol level joint ML demodulation can potentially be used (although the associated complexity is high). If the users are DFT-S-OFDM waveform, the application of joint ML receiver is non-trivial, and a linear MMSE detector will likely be used. 
However, it was shown [3] that there is no obvious performance gain by using joint ML receiver compared to LMMSE receiver for link budget limited users in eMBB uplink.  As shown in Figure 4, we compared the performance of joint ML detector vs LMMSE detector with 2 layers and 4 layers spatial multiplexing. As we can see, at low MCS region (the expected operating region for cell edge users), joint ML does not have noticeable performance advantage compared to LMMSE.
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[bookmark: _Ref462998780]Figure 4: Performance comparison of joint ML vs LMMSE in spatial multiplexing for low rate users

Observation 1: there is no obvious performance gain by using joint ML receiver compared to LMMSE receiver for link budget limited users in eMBB uplink.
Unified channelization in FDD Deployment
As discussed in [5], a unified channelization with long and short UL bursts could be applied to NR FDD deployment to optimize the UCI feedback delay, as shown Figure 1. A UE with or without PUSCH can always use the short UL burst to send time critical UCI.
[image: ]
Figure 5 A unified short uplink and long uplink burst channelization can be applied to FDD deployment

[bookmark: _Ref463027406]Proposal 4: A unified channelization can also be applied to NR FDD deployment.
Conclusions
Proposal 1: PUCCH channel is based on DFT-S-OFDM. PUSCH channel can be based on DFT-S-OFDM or CP-OFDM. 
Proposal 2: For simultaneous PUCCH and PUSCH from the same UE, consider the following options:
· [bookmark: _GoBack]Option 1: transmit PUCCH in adjacent RBs with PUSCH
· Option 2: piggyback PUCCH in PUSCH

Proposal 3: LTE-like multiplexing of PUCCH from different UEs with PUCCH transmission only.
Proposal 4: A unified channelization can also be applied to NR FDD deployment.
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