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[bookmark: _Ref462675860]Introduction
Users and channels multiplex in uplink is important in the area of 5G NR. In this area, there are three topics need to be address
· How to multiplex simultaneous PUCCH channel with PUSCH channel from the same UE
· How to multiplex PUCCH channels from different UEs
· How to multiplex PUSCH channels from different UEs.

In this contribution, first of all, it is proposed that PUCCH is always DFTs-OFDM based in favor of link budge limited users to send uplink control back successfully. PUSCH channel can be based on either DFTs-OFDM or CP-OFDM, based on eNB scheduler decision. 
It is shown that supporting both DFTs-OFDM and CP-OFDM in PUSCH channel does not complify the channel and user multiplexing. In Table 1, the similarity and difference of user and channel multiplexing between 5G NR proposals and LTE are summarized.
[bookmark: _Ref463007017]Table 1: Summary of user and channel multiplexing proposals
	Topics 
	Proposal

	 Simultaneous PUCCH and PUSCH multiplexing for the same UE
	Piggyback PUCCH on PUSCH

	Multiplex PUCCH channel from different UEs with PUCCH transmission only
	Very similar to LTE 

	Multiplex PUSCH channel from different UEs
	Very similar to LTE 



After Section 1, the rest of the contribution is organized as the following. In Section 2, the multiplexing of simultaneous PUCCH and PUSCH from the same UE is discussed. In Section 3, the multiplexing of PUCCH channels from different UEs is discussed. The multiplexing of PUSCH channels, including support of DFTs-OFDM based PUSCH multiplexing with CP-OFDM based PUSCH, is addressed in Section 4. MU-MIMO with DFTs-OFDM multiplexing with CP-OFDM is addressed in Section 5. The contributions are listed in Section 6.
[bookmark: _Ref462669595][bookmark: _Ref462669569]Multiplexing simultaneous PUCCH and PUSCH from the same UE
For a UE with simultaneous PUCCH and PUSCH, as shown in Figure 1, PUCCH is transmitted on adjacent RBs side by side with eNB scheduled PUSCH. 
It is noted that in LTE, there are two schemes handling UCI when there is a PUSCH transmission. One scheme is to piggyback UCI on PUSCH, where a higher-layer configured semi-static parameter is used to control the amount of resources re-allocated to UCI from the assigned resources for PUSCH. Due to different performance targets for UL data and UCI, the selection of the semi-static parameter often has to be very conservative in order to satisfying the respective UCI performance targets under dynamic PUSCH scheduling parameters. This inevitably results in inefficient PUSCH operation. However, this scheme enjoys the single-carrier waveform. 
The other LTE scheme allows parallel PUCCH and PUSCH transmissions. Some or all UCI may be transmitted on PUCCH, in a PUCCH resource separately determined from that of PUSCH. Since PUCCH is typically located at the bandwidth edge while PUSCH resource allocation can be anywhere with various resource sizes, the simultaneous PUCCH and PUSCH transmission by a UE can experience large variations of MPR, e.g., up to 10dB. As a result, although the parallel transmission of PUCCH and PUSCH facilitates better UCI protection and more efficiency PUSCH operation, it comes at the expense of potentially large MPRs.
For 5G NR, the proposed piggybacking PUCCH carrying UCI as a channel with PUSCH, e.g., right next to PUSCH, makes it possible to improve PUSCH efficiency and UCI protection, while minimizing the corresponding MPRs given adjacent transmissions of the two channels by the UE. In other words, it provides a way to combine the advantages offered by the two LTE UCI handling schemes when there is also a PUSCH transmission. 


[bookmark: _Ref463021226]Figure 1: Multiplexing simultaneous PUCCH and PUSCH from the same UE.

Proposal 1: Piggyback PUCCH RBs next to PUSCH RBs, for simultaneous PUCCH and PUSCH from the same UE.

[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 2, PUCCH is assigned to edge RBs with frequency hopping between two sections in a subframe. The minor difference from LTE might be that the number of symbols for each section is not the same as in LTE.


[bookmark: _Ref458676550]Figure 2: Multiplexing PUCCH from different UEs with PUCCH transmission only.

Proposal 2: LTE-like multiplexing of PUCCH from different UEs with PUCCH transmission only.
[bookmark: _Ref463027308][bookmark: _Ref378529477]Multiplexing PUSCH from different UEs
For PUSCH channel, DFTs-OFDM users and CP-OFDM are FDMed. Scheduler at eNB assigns a DFTs-OFDM user and a CP-OFDM user to different RBs without overlapping, except in MU-MIMO scenario, which is addressed in next Section in this contribution.  
Supporting both DFTs-OFDM and CP-OFDM does not complify eNB scheduler implementation. On the contrast, it actually allows eNB scheduler more flexibility to schedule UEs. The eNB scheduler just need to follows the below scheduling policy:
· [bookmark: OLE_LINK3]For CP-OFDM users, the RB assignment can be non-contiguous, which gives eNB scheduler more flexibility to schedule users than in LTE. 
· For DFTs-OFDM users, the RB assignment need to be contiguous. With CP-OFDM support, the scheduling of DFTs-OFDM users is easier than in LTE. Given the fact that DFTs-OFDM users are link budget limited UEs with low throughput requirement, consecutive RB allocation for them would be simpler for eNB scheduler than in LTE.

As mentioned above, because both CP-OFDM and DFTs-OFDM are supported, the scheduler actually has more flexibility to assign RBs to different UEs than in LTE, because non-contiguous RB can be assigned to CP-OFDM users. Furthermore, since DFTs-OFDM users typically only required small number of contiguous RBs, consecutive RB allocation for them would also be simpler for eNB scheduler than in LTE. 
For mmW, multiplexing CP-OFDM users with DFTs-OFDM users is typically TMD based. The need of allocating consecutive RB to a DFTs-OFDM user is no longer an issue from eNB scheduler perspective.
Proposal 3: for sub-6Ghz, FDM DFTs-OFDM users with CP-OFDM users, for multiplexing PUSCH from different UEs.
Observation 1: by supporting both DFTs-OFDM and CP-OFDM waveforms in eMBB uplink, the eNB scheduler has more flexibility than in LTE uplink

[bookmark: _Ref463027369][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]MU-MIMO with DFTs-OFDM PUSCH multiplexing with CP-OFDM PUSCH
For PUSCH channel, in the case of MU-MIMO, a DFTs-OFDM user can multiplex with a CP-OFDM user to share the same RB resources. To handle this MU-MIMO scenario, at UE side, unified DMRS pattern can be applied to both DFTs-OFDM and CP-OFDM users to allow multiple them together [2]. 
At eNB side, there is no obvious performance gain by using joint ML receiver compared to LMMSE receiver for link budget limited users in eMBB uplink [1].  As shown in Figure 3, 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.
[image: ][image: ]
[bookmark: _Ref462998780]Figure 3: Performance comparison of joint ML vs LMMSE in spatial multiplexing for low rate users

Observation 2: there is no obvious performance gain by using joint ML receiver compared to LMMSE receiver for link budget limited users in eMBB uplink.
[bookmark: _Ref463027406]Conclusions
First of all, for eMBB uplink, PUCCH channel is based on DFTs-OFDM. PUSCH channel can be based on DFTs-OFDM or CP-OFDM. 
Proposal 1: Piggyback PUCCH RBs next to PUSCH RBs, for simultaneous PUCCH and PUSCH from the same UE.
Proposal 2: LTE-like multiplexing of PUCCH from different UEs with PUCCH transmission only.
Proposal 3: for sub-6Ghz, FDM DFTs-OFDM users with CP-OFDM users, for multiplexing PUSCH from different UEs.
Observation 1: by supporting both DFTs-OFDM and CP-OFDM waveforms in eMBB uplink, the eNB scheduler has more flexibility than in LTE uplink
Observation 2: there is no obvious performance gain by using joint ML receiver compared to LMMSE receiver for link budget limited users in eMBB uplink.
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