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1 Introduction
In RAN1 #86bis [1], the following agreement was made regarding 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

· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.

· Discuss further offline for possible refined evaluation assumptions/methodology for waveform evaluations.

 In RAN1 #87 [2], the following agreement was also made with respect to UL precoding of the two waveforms:
· Study further the PRB bundling size for precoding for UL data

· DFT-S-OFDM based transmissions

· Consider the case of contiguous scheduled PRBs and non-contiguous scheduled PRBs (if supported)

· Consider the impact due to UL DM-RS design

· CP-OFDM based transmissions

· Considering aspects related to non-reciprocity based CP-OFDM transmission (if supported) and reciprocity based CP-OFDM transmission (if supported)

In this contribution, we discuss UL MU-MIMO related design, especially between CP-OFDM and DFT-S-OFDM.
2 Discussion 
It is well known that LTE UL capacity can be improved by MU-MIMO in some scenarios, such as multi-user using the same time-frequency resource with good spatial orthogonality. It relies on the availability of multi-receive antennas for LTE UL. For NR UL, much more receive antennas are expected, which can provide more spatial freedom. In order to make full use of these degrees of freedom, flexible MU-MIMO should be considered, such as partially overlapping of time-frequency resources. In addition, for NR UL, there may appear two types of waveforms, i.e. CP-OFDM and DFT-S-OFDM. Flexible MU-MIMO between CP-OFDM and DFT-S-OFDM should also be considered. Both new considerations will have an impact on the NR design, especially on the RS design. 
Feasibility of UL MU-MIMO between CP-OFDM and DFT-S-OFDM
First, we consider the feasibility of UL MU-MIMO between the two different waveforms. As described in the previous section, it has been agreed that DFT-S-OFDM based waveform is a complementary option for link budget limited cases, as shown in the Figure 1. This is a simple case, where UE1 in the near-point uses CP-OFDM, while UE2 close to cell edge communicates with the TRP by DFT-S-OFDM. There are two options for the UL transmission:
Option 1: Orthogonal multiple access with 2 users;
Option 2: Space-division multiple access with 2 users;
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Figure 1 UL transmission case of both CP-OFDM and DFT-S-OFDM

It is obvious that option 2 has higher resource utilization, which may let the UL capacity be improved. However, the corresponding receiving performances, like BLER, will degrade due to the inherent interference caused by resource reuse. Therefore, it is a trade-off between higher resource utilization and increased interference. It has been analyzed in [3] from the system points of view that the performance of Option 2 is significantly better than that of Option 1 under some high SNR scenarios, e.g. for paired UEs with high SNR and good spatial orthogonality. Obviously here, UE1 has a high SNR, while UE2 does not. The UL interference from UE2 to UE1 can be expected to be small, so that the interference has a little influence on the reception of UE1’s signal. In contrast, the interference from UE1 to UE2 is large, so that the trade-off is needed. Apparently, no RS interference between UEs is beneficial in Option 2, which will be further discussed in the following content. Moreover, if we cancel UE1 after the reception first, then UE2 only has to contend with the background noise. As a result, a better performance, like higher UL throughput, and more flexibility, like more pairing opportunities, can be realized. A link-level evaluation result is given as follows:
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Figure 2 Comparisons between option 1 and option 2 with simulation assumptions in Appendix

For the black and green lines, 2 UEs with different waveforms access to the TRP with FDM, i.e. individual 12RB and 4RB, while for the blue and red lines, the 2 UEs indicated by SDMA use the same 16RB. Note that, in SDMA, orthogonal RSs are assigned between the two different UEs, each with one Tx antenna. In this simple case, even without interference cancellation for UE with DFT-S-OFDM, a better capacity can still be achieved. 
Observation: UL MU-MIMO between CP-OFDM and DFT-S-OFDM is feasible.

Propose 1: NR should support UL MU-MIMO between CP-OFDM and DFT-S-OFDM based waveforms.

UL MU-MIMO with partially overlapping of time-frequency resources

In order to support UL MU-MIMO between CP-OFDM and DFT-S-OFDM based waveforms, flexible pairing between UEs with partially overlapping of time-frequency resources should be considered, since the UL time-frequency resources used by the two waveformes may not be aligned with very high probability. Also in an eMBB system dominated by highly dynamic packet-data traffic, there is frequently no enough data available for different UL transmissions with the same time-frequency resources. A comparison between full overlap and partial overlap, considering both CP-OFDM and DFT-S-OFDM based waveforms, is given in the following figures. 
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Figure 3 Diagram of fully overlapping and partially overlapping of time-frequency resources

As shown in the Figure 3, a CP-OFDM based UL transmission may be partially superimposed by a DFT-S-OFDM based UL transmission. If partial overlap is not considered in the UL RS design, there may exist UL RS interference between the paired UEs, which will lead to a deteriorated channel estimation performance. To ensure the quality of channel estimation and further to obtain the spatial degrees of freedom, the orthogonality of pilot should be guaranteed even for partial overlap. 

Propose 2: Strive for flexible pairing between UEs with partially overlapping of time-frequency resources in UL MU-MIMO:

· Consider the assignment of orthogonal RS between UEs.
3 Conclusion
 We have the following observation:
Observation: UL MU-MIMO between CP-OFDM and DFT-S-OFDM is feasible.
We propose the following:
Propose 1: NR should support UL MU-MIMO between CP-OFDM and DFT-S-OFDM based waveforms.

Propose 2: Strive for flexible pairing between UEs with partially overlapping of time-frequency resources in UL MU-MIMO:

· Consider the assignment of orthogonal RS between UEs.
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Appendix 

Simulation Assumption
	Parameter
	Value

	Carrier Frequency
	2.6GHz

	Channel Model
	ETU generated independently between 2 users

	Velocity
	3km/h

	TRP Antenna Configuration
	4Rx

	UE Antenna Configuration
	1Tx

	Channel Estimation
	Real

	AMC
	On

	Receiver
	MMSE-IRC

	Notes
	Fixed 10dB SNR offset between CP-OFDM and DFT-S-OFDM
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